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ASHINGTON, DG 20480

April 5, 1985

Honorable Lee M. Thomas

Administrator

U. S. Emvirvommental Protection Agency e A bmmErmaTOR
401 M Street, 5. W.

Washington, D. C. 20460

Dear Mr. Thomas:

The Science Advisory Board has completed its review of a number of
scientific issues related to the assegsment of the public health and
anvirommental impacts associated with the incineration of hazardous
wastes on land and at sea. The Board's review was carriad ouf by its
Envirommental Effects, Transport and Fate Committee. The charge to the
Committee included six major issues, including 1) the transfer of wastes;
2) combustion and incineration processes; 3) stack and plume sampling;

4) envirommental transport and fate processes; 5) human heglth and
anvirommental =ffacts assessment; and §) research neads.

The Committee has engaged in an exteusive dlalogue on these issues
over the past year with EPA staff, officials of Federal and state agencias
and members of the public. Each of these groups contributed sciemtific
data to the Committee's inguiry and provided a valuable perspective on
the interpretation of such data. '

The Committes believes that hazardous waste Incineration is a very
important part of the Agency's strategy to propaerly manage and dispose

~ of hazardous chemicals. It further believes that by acquizring addirional

information on a number of technical issues the Agency will enhance its
capability to not ounly defend its inecinevation programs but also to enable
the public to realize the benefits of this waste disposal technology-

Thig will become especially true if, as anticipated, the program expands
in future years.

The report concludes that the operation of both land and sea based
hazardous waste incinerators has produced no adverse consequences to the
public health or the enviromment. Comsidevable uncertainty surrounds the
data that lead to this conclusion, howaver, and the Committee recommends
a number of steps the Agency ought to undertake to rveduce this uneertainty.
Thase ineclude fuller assessment of fugitive emissions from all phases of
waste management and disposal processes; better characrerization of
ineinerator emiassions and effluents so that the identity and quantity of
chemicals released into the environment can be estimated; deteyminationm
of emlssions under all incinerator operating conditions; and development
of a coordinated research stratagy involving both laboratoxy tozicity
studies and field assessments to address both the possibility of shoxt—
term and long=term public health and envirommental effects.




We beliave the report should prove useful to vou, other Agency

afficials

and the general public In promoting a wider understanding of the

scientific data needs and the public policy choices that have to he

addressed
hazardous
views and
needed hv

in improving the nation's abilitv to nroperly dispose of
wastes. The Board appraciates the opportunity to prasant its
stands ready to provide anv additional assistance that is

the Agency. We request that the Agency regpond £o Qur rasort.

Sinceraly,

2eif Harctung, Chairman

Environmental Effects, Transoort
and Fate Committee

Science Advisory Board

Yadod Wsom

Yorzon ‘lalson, Chairman
Txecurivae Committes
Sglanca Advisory Board
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NOTICE

The followlng Report has been written as part of the activities of
the Environmental Protection Agency's Congressiomally established Sciance
Advisory Board. The Board consists of independent scientists and engineers
who provide scientific advice to the EZPA Administrator onm a number of
issues hefore the Agency. The Board provides a balanced, independent and
expert assessment of the scientific issues it reviews. The contents of
this report do not necessarily represent the views and policies of the
Enviroumental Protection Agency.
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PREFACE

This is the final report of the Envirommental Effects, Transport and
Fate Committee (EETFC) of the EPA's Science Advisory Board (SAB) on the
review of scientific issues related to the public health and envirommental
impacts assoclated with the fncineration of liquid hazardous wastes at

-goa and on land. In thls review the EEIFC was assisted by vepresantatives

of the SAB's Environmental Engineering Committee. Committge members
carried out their review at the direction of the Executive Committee of
tha SAB to which they report.

On October 13, 1983, Administrator William D. Ruckelshaus requested
that the Executive Committee assist the Agency in its scientific assessment
of incineration at sea. On April 12, 1984 Deputy Administrator Alvin L.
Alm requested that the Executive Commitzee expand the scope of the review
to include an examination of public health and envirommeatal impacts
related to land incineration of hazardous wastes and to make a generic
comparison of the major scientific issues between Incineration at sea and
on land. The Executive Committee accepted hoth of these requests and
referred them to the Envirommental Effects, Transport and Fate Committee.
(For a list of Meubers and Consultants secving on the Committee, see
Appendix I.) .

The EETFC began Lts review in February 1984 with a series of briefings
from Agency staff, subsequently made site visits Lo EPA laboratories amnd

regional offices, commercially operating incinerators and incinerator ships

under constructiom, and received public input at its open meetings. The
Committee is acutely aware of the need to provide information and advica

to EPA policy makers to meet the sexigencies of aear—term decisicns and to
accumulate knowledge over the long—term to provide an improvaed understanding
of the relationship between emissions and heslth and environmental effects
from incineration activities. The Committee's recommendations are aimed

at strengthening the Agency's capability to meet both of these objectives.

A. Charge to the Commitree

After dHscussions with EPA staff, the Committee identified six areas
to evaluate the incineration of hazardous wastes at sea and on land., The
Committes set out to detemmine whether the Agency had considered and
interpreted the appropriate data for each area in a sclentifically adequate
manner. These areas include the following:

1) Transfer of wastes.

What are the various handling, loading, tramsportation, and routing
problems? What potentials exist for collislons, explosious, and spills?
Should the Agency develop worst=case scemarios to evaluate the potential
impacts of accidential discharges?
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2) Combustion and Incineration Procasses.

Is the efficilency of destruction properly addressed? Are the
quantitative and qualitative characteristics of the combustion products
released inte the enviromment appropriately evaluated?

3) Stack and Plume Sampling.

What speclalized sampling protocols are needed to adaquately
eharaterize representative emissions from the stacks exhaust and plume?

4) Envirommental Transport and Fate Processes.

How should known and modeled atmospheric and oceanic circulaticons at
the hurn sites be considered? Arve potential food web influences adequately
agseggad?

5) Biological Effects.

No data on incineratlion efficlency, composition of smission products,
and enviroomental transport and fate processes provide an adequate basis
for evaluating biological effacts? Have other issues, such as the
bicavailability and toxlcity of emitted compounds, been adequately
addressed?

6) Research Naeds.

What key scientific issues should the Agency addrass In itz incineration
regearch gtratregy?

B. KXey Assumptious CGuiding the Committee's Review

Because of the complexity of the scilentifi: issues under raview and
rhe time constrvaints for carrving out the review, the Committee has
reatrictad and simplified the scope of i1fs work in a number of important
ways. The following comsiderations which guided the Committee's work
raflect these limitatilons:

o The Committee concurs with the Agency's position that the
destruction of wastes i{s an important activity and that, in many instances,
such destruction is preferable to their storage. The Committee considers
landfilling and deep well injection of toxic wastes, for example, to
constitute forms of storage and not toxic waste disposal.

n The Committee approached the sclentific comparison of hazardous
waste incinevation issues at sea and on land by examining the entire path
of liquid hazardous chemicals from the point of generation through trans-
portation, incineration, and ultimate trangport, fate and effects of
residues. The Committee is, howaver, aware of many alternative methods
of waste disposal, including other types of thermal degradation, chemiecal



daetoxification, blological degradation, and solidification, which were
not within the scope of its review.

o The Committee did not undertake any economic analyses of the
various waste management and disposal processes, nor did it conduct any
comparative cogt—benefit analyses.

o The Committee recognizes that EPA's efforts to implement
programs to incinerate liquid hazardous wastas are in various stages of
developnent. For example, regulations to define the condltiemns for
incinerating such wastes on land have already been promulgatad under the
authority of the Rasource Conservation and Recovery Act {RCRA) and under
the Toxic Substances Control Act (T3CA) for Polychlorinated Biphenyls
(PCEs). The Agency, however, 1s currently taking public comment on its
proposed vegulaticns to govern the incineration of liquid hazardous
wastes at sea under the auspices of the Marine Protectionm Research and
Sanctuaries Act.

o The Committee i3 aware that its comments concernlng at sea
incineration have Implications for regulations already in place for the
burning of wast2s on land. There are always areas in which undevrstanding
can be improved, and any scientific review of a technology or procedaxe
runs the risk of seeming to be negative by virtues of ashking new quastions.
In view of this situation, the Committee would like to make several
pbgervallons:

1) Incinevration is a valuable and potentially safe means for
disposing of hazardous chemicals, and EPA has made progress in developing
an appropriate regulatory strategy. However, this Committee has been
asked to addregs the shortcomings and needs of this program, and its
comments should be cousidered in the lizht of what peobably is, in facek,
a valuable technology.

2) The Committee's gomments, both positive and negative, should be
interpretad by the Agency and the public as a desire to strengthen already
existing inelneratica programs rather than to discontinug what Is already
in placa.

3) The state of sclentific knowledge for many of the issues reviewed
by the Committee is such that although definitive answers to many policy
questions are not possible, the Agency neads to make policy and permitting
dacisions in the face of uncartaintias, given the limitatiouns of
alternative technologies and facilities. It is also the EPA's respomsi-
bility, however, to address and to raduce the levels of uncartainty
asgociated with this activity by carrying out and/or sponsoring the
needad research. The Committee also encourages the Agency te use the
permitting process Iin such & way as to Increase the knowledge basa on
moniteoring and possgibly other issueas.



vi

4) The Committee has limited its review to the assessment of
human health and environmental risks from the incineration of liquid
hazardous wastes. It {8 the Agency's responslbility to choose among
existing tachnological altermatives to minimize such risks in an
acceptable mammer. For example, the Agency needs to decide whether
land based and ocean based incineration regulations should bhe equally
stringent.

5) The Committee believes that many of the conclusions and
recommendations derived from this review are also applicable to
nther cembustion processes, such as those which occur in fossil fuel
powar plants and home hearing uanirs.



RECOMMENDATION 2:

THE EMISSIONS AND EFFLUENTS OF HAZARDOUS WASTE INCINERATORS NEED TO
BE ANALYZED IN SUCH A WAY THAT THE IDENTITY AND QUANTITY OF THE CHEMICALS
RELEASED INTO THE ENVIRONMENT, INCLUDING THEIR PHYSICAL FORM, CAN EBE
ESTIMATED. THE AGENCY SHOULD DEVELOP A REVISED DESTRUCTION EFFICTENCY
PARADIGM SO THAT ITS ASSESSMENT OF INCINERATION PERFORMANCE CAN ACCOUNT FOR
THE VARIABILITY OF EMISSIONS AND EFFLUENTS..

Conclusion 3:.

Research ou the performance of incinerators has occurred only under
optimal burn conditions and sampling has, on occaslon, bean discontinued
during upset* conditious which take place with unknown frequency. Even
relatively short—-term operation of incinerators in upset conditions can
greatly increase the total incinerator emitted loadings to the enviroument.

RECOMMENDATION 3:

THE DETERMINATION OF THE ACTUAL FMISSIONS AND EFFLUENTS OF aN
INCINERATOR SHOULD RESULT FROM AN ASSESSMENT OF THE TOTAL “MASS LOADINGS
T THE ENVIRONMENT UNDER ALL OPERATING CONDLITIONS.

Coﬁﬁlusioﬁ 4:

The existing analysical data for emissions from hazardous wasle
"{incinerators have serious limitatioms. Among the major problems are
rhe limited aumber of chemicals selected for analysis and the fact that
the analyvtical methodologies have not been validated either for the
conditions of the test or for the complex mixtures which exist in
inecipnerator emissioms. As & result, there exist mo relatively complets
or weliable analvses of mass emissioms frowm either land or sea basad
incinerators on which to base subsequent estimates of the potential for
ervivommental exposures. These analytical problems are particularly
difficult to solve for incinerator stacks with very high exit temperatures.

RECOMMENDATION 4:

SAMPLING AND ANALYTICAL METHODOLOGIES SHOULD RE VALIDATED ¥OR
MEASUREMENTS OF EMISSIONS FROM HAZARDOUS WASTE INCINERATORS.

Conclusion 5:

The identification of optimal locations for incineration facilities
can be greatly improved through the proper use of modeling and simulations.
Through the use of such analytical techniques, the Agency could evaluate °

local, site—gpecific effects on the dispersion and subsequent-exposures
from incinerator emissions. $Siting evaleatioms could incorporate temporal
meteorological variations as well as micro—metecrological differences

among sites. Knowledge of site-specific atmospheric dispersiom conditions
15 also an lmportant aspect of an emergency response modeling system. Real
time emergency respense models should urilize repragantative ambilent
seasurements and site—specific source characteristics to provide planners

* As used in this report, the term upset condition refars to the operation
of an hazardous waste incinerator under less than optimal performance.



SYNOPSIS

This synopsis containsg the major conclusions and recommendations
developed by the Envirommental Effects, Transport and Fate Committee
which apply to liquid hazardous waste incineration both at sea and om
land. The Committe generated many other conclusions and recommendations,
but these appear only in the body of the report because they deal with
more speciflie rather than generic aspects of the incineration of hazardous
wastes. The reader 1s cantioned agalnst drawing his/her conclusions
after reading only the synopsis. Because of the complexity of the issues,
the report should be read in its entirety.

The ordering of the conclusiosng and recommendarions follows the path
of the waste and its daughter products from gensrator to final receptor.
This ordering of recommendations does not imply a prioritization bur
rather reflects the path of the Committee's analytizal thought processes.
The Committee believes that its most Iimportant conclusions and recom-
mendations relate to the ultimate impacts ineineration practices have om
human health and the eanvironment (see conclusions and recommendations 11
and 12).

Ma jor Conclusions and Recommendations

Conclugion 1l:

Nearly all types of hazardous waste management and disposal involve
the collection, temporary storage, pumplng and transport of the wastas.
Accidental spills and fugitive emissions® can ocecur durlng any of these
processes. Based upon presently availahle data, the Committfes cannot
assess the full magnitude of this problem, but it acknowladges a possibilicy
thar fugitive emissions and accidental spills may release 35 much or more
toxie material te the enviromment than the dirser emissions from incomplets
waste inclneration.

RECOMMENDATION 1:

THE AGENCY SHOULD ASSESS THE ENVIRONMENTAL RELEASES OF FUGITIVE
EMISSIONS OF CHEMICAL WASTES AND WASTE-DERIVED MATERIALS FROM ALL PHASES
NF EACH WASTE MANAGEMENT aND DISPNSAL PROCESS, INCLUDING THOSE NOT
ADDRESSED IN THIS REPORT. INSOFAR AS INCINERATICN INVOLVES UNIQUE
EXPOSURES OR EVENTS, THESE SHOULD BE SPECIFIED.

Conclusion 2:

The Agency adopted the concept of destruction efficiency to moniror
whether or not Inclneration destroyed liquid hazardous wastes. This
approach emphasizes the identification of several preselected compounds
in the waste and does not fully address either partial oxidation ovr
chemical recombinations which may create new toxle compounda. To date,
only a very small portion of the compounds found in emizsions from
incinerators has been Ideuntified qualitatively or quantitatively.

As a consequence, the concept of destruction efficlency (while valid for
comparing the relative operating performance of incinerators) doas not
completely address the problem of what is emitted from the incinerator
stack and does not, therefore, constitute a reliable basis for developing
eXpPORUre 49S8gsSments.

* Fugltive emissions in this report refer to instances of uncontrolled
releages from valves, Llnadvertent minor ruptures in contailners or
pipes, and small spills that occur during waste stovage or transfer
operationg. The Committee does not apply thia tarm to major acceidents,

collisions, explosions or spills.



THE ROLE OF MICRO-LAYERS IN THE TRANSPORT AND CONCENTRATION OF
EMITTED CHEMICALS INTO THE BIOSPHERE SHOULD BE INCORPORATED INTC THE AGENCY'S
ANALYSIS OF ENVIRONMENTAL IMPACTS OF BAZARDQUS WASTE INCINERATION.

MODELING OF INTERPHASE TRANSPORT AND FATE OF CHEMICALS EMITTED FROM
INCINERATORS SHOULD BE COUPLED WITH SOME FIELD VALIDATIONS.

Coneclusion 7:

Exposures of organisms to chemicals originating from liquid hazardous
wasta Incinerators on land and at sea take place through various pathways
which diffar accordiag to tvangsport processes and the hablts of the
organisms involved. Such exposure pathways will certainly include
absorption through lungs or gills, skin, and the food web. In addition,
rhe mobilizarion of arganic compounds from sediments and the entrainment
of settled particles constitute transport and fate pathways. The exposures
to organisms will vary over time and in the dose attributable to each
chemical. The ralarive proporticns of chemicals in the mixture to which
organlsms are actually exposed is likely to differ from initial incinerator
emizsions hecause of the differencial influences of tramsport, phase
gistribution, and chemical reaction dvnamics om the individually emittad
chemicals. The accurats determination of such exposures, which need to
take these variables into acgount, 1g thus very difficult. The Agency
has made only limited efforts to assess such exposures and these suffer
from various inadequacles because they resulted from either individual
judgments or computer models without adeduate laboratory cr Field
varification. ' )

RECOMMENDATION 7:

THE EVALUATION OF EXPOSURE DURATIONS AND CCNCENTRATIONS SHOULD BE
BASED ON BOTH A DETAILED ASSESSMENT OF ENVIRCWMENTAL TRANSPORT PROCESSES
AND THE HABITS OF THE EXPOSED ORGANISMS IN BOTH AQUATIC AND TERRESTRIAL
ENVIRONMENTS, THE ROLE OF FOOD WEBS IN EVALUATING EXPOSURES REQUIRES
PARTICULAR ATTENTIOW. ' ' '

Conclugion 3:

It 1s difficult to associate the burning of hazardous wastes with
abserved changes in the terrestrial environment because many land basged
incinerators are sited In highly industrialized areas which have other
combustion sources emitting similar compounds. EPA, howaver, has not
made the fullest use of existing modeling techniques to evaluate the
transport, fate and effects of incinerator products im terrestrial systems.
In addition, currently available data for aevaluating the envivommental
effacts of ipcineration on terrvestrial gsystems are lmadequata. Thus,
subsequent Agency exposure assassments to biota and humans are unreliable.

RECOMMENDATION B8:

THE TRANSPORT AND FATE OF INCINERATION PRODUCTS IN TERRESTRIAL
ECOSYSTEMS NEEDS TO BE EVALUATED BY STATE-OF-THE-ART FLELD MONITORING IN
CONJUNCTION WITH IMPROVED SIMULATIONS.



with reliable estimates of transport patterns, dilution, transformation
features and deposition of releasad materials.

RECOMMENDATION 5:

EPA SHOULD EVALUATE THE DEGREE TO WHICH LOCAL METEOROLOGLCAL CONDITIONS
CAN MAXIMIZE ATMOSPHERIC DILUTION TO AVOID EXCESSIVE AMBIENT CONCENTRATLIONS
OF INCINERATOR EMISSIONS., THE AGENCY SHOULD ALSO INCLUDE REAL TIME
SITE~-SPECIFIC ATMOSPHERIC DISPERSION SIMULATION MODELS AS PART OF COM-
PREHENSIVE EMERGENCY RESPONSE SYSTEMS FOR ALL MAJOR HAZARDOUS WASTE
INCINERATION FACILITIES.

Conclusion 6:

The Committee found that the Agency's evaluations of the transport and
fate of emisslonsz, while appropriately emphasizing the significance of the
dilution of pollutants, have not sufficlently sddressed mechanisms in the
anvironment which would result {n the ceoncentracien of emission products.
Knowledge of such nechanismg 13 impoctant to a fuller undevstanding of
pollutant transport and fate even though the general pifcture 1s one of
dilucion of the emitted compounds.

The dynamics of atmospheric and aquatic trznsporct processes will largely
tnfluence which zezmentsz of rhe biosphere are impacted by the emissions
from chemical waste incineraticn. Withie thege processes, various mechanisms
are likely tco prominsntly influence tha concentrations affecting bhlota.
These mechanisms include: a) phase separation and chemical discribution
hetween phases; b} interphase transport at alz/water, al:z/selid, air/biota,
water/solid, watar/hiota and solid/biota inktecfacas, and c) photo— and
hiochemically stimulated reactions involving the incineratar emissions
after thay leave the stack. Surface micro-layers (i.e., sea slicks) may
nlavy gignificant rales in tha concentration of chemicals in some specles.

These transport processes are time dependent and exhibit hoth short-
term and long—term variability and trands. Such temporal changes should
influence rthe selection of the most appropnriate averaging time for use in
the analvsis of potential effects of liquid waste incinarvation.

It is posszible to use simulation models effectively fo svaluate wmany
aspects of the environmental fransport and fata of emitted chemicals. However,
such simulations often have signifiecant limitations which were not always
recognized by the Agency. Such limitations can become significant when
saveral smaller simulation models are linked into large scale simulations.

The results from these large scale simulations are unconvincing, especlally
when they are not supported by some field validations.

RECOMMENDATION 6:

THE DYNAMICS OF ENVIRONMENTAL TRANSPORT, INCLUDING CHEMICAL
DISTRIBUTION BETWEEN PHASES, AND INTERPHASE MASS TRANSPORT, SHOULD BE
EVALUATED IN A WAY THAT IS USEFUL FOR EXPOSURE ASSESSMENT,
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Chapter 1

INTRODUCTTION

During the past year the Eavirommental Effects, Transport and Fate
Commitrree of the Science Advisory Board has investigatad the incineration
of liquid hazardous wastes and the potential human health and environmental
effacts of inecineration products. The Committee has not carried ocut a
detailed comparative assessment of potential effects from other combustion
activitieg, such as the bhurning of fossil fuels or wood, nor has it
evaluated the incineration of other wastes such as those genevated by
hospitals or municipalities. The quantities of materials combusted,
undar often partially or uncontrolled conditions, in these other processes
are much greater than thogse involved in the ingineration of liguid
hazardous wastes. The Committes is unot aware of comparative data of the
potential risks from these various fuels and wastes prior to combustion
and the consequent potentlal risks after combustion.

The evaluation of the incineration of liquid hazardous wastes on
land and at sea was a much more complex project than originally anticipated.
4 large amount of source materials which dealt with the incineration of
cthese wastes exists. (The 1list of source materials consulted is presented
in Appendix III.) The Committse expendsd considersble effort to collect and
analyze the information that eventually formed the basis of its conclusioas
and recommendatlious. A major difflculty resulted from the fact that the
Agency has no single or even coovdinated repository of the releavant
iaformatlion. Therefore, the Committee had to ¢ollect this Informatcion
piecemeal f{rom the Cffice of Water, Qffice of Solid Waste, Office of Policy,
2lanning and Evaluation, QFffice of Research and Development, EPA Regional
Offices in Dallas and Chicago, transcripts of EPA hearings, and occasiomally
from reports originaring ocutside of the Agency. New communications were
still found or voluntesred by EPA very late in the development of the
Committes's report. Evan though the Committee perused and/or studied in
datail an estimsted hundred pounds of materials, it seems unlikely that
it has identified avery document ralavant to this sciantific reviaw. Wa
helleve, howaver, that the information obtalned is representative of the
avallable scientific data base for understanding the lssues discussed in
this report and for supporting the Committea's conclusions aund recom—
mendations.

The Agency has studied and msnaged programs for incinerating
hazardous wastes for some time. The various EPA progvams have merit in
that they offered a solution to sevaral hazardous waste problems. The
Adgency's approach te hazardous waste incineration in many cases emphasized
the engineering aspects of the problem of destroylng wastes. In the course
of the rapid development of incineration technologies, it appears that
inadequate resources were davotad to a holistic amd scientific review of
these technologles regavding their envirpumental iImpacts and acceptability.
The program depended heavily on concepts of "destruction efficiency,” and



Conclusion 9:

The toxicitiaes of emissions and effluents from land based and ocean
based incinerators are largely unknown.

RECOMMENDATION 9:

THE TOXICITIES OF REPRESENTATIVE EMISSIONS AND EFFLUENTS FROM .
INCINERATORS SHOULD BE TESTED, AT A MINIMUM, ON SENSITIVE LIFE STAGES OF
REPRESENTATIVE AQUATIC AND TERRESTRIAL VERTEBRATES, INVERTEBRATES, AND
PLANTS OF MAJOR ECOLOGICAL IMPORTANCE.

Conclusion 10:

The agsessmant of bioclogical effects of incineration products is a
vary complex undertaking. The daca needed for assessing effects will not
result from an exclusive celiance on laberatory studies, partial field
studies, or complex field studies alome.

RECOMMENDATION 10:

THE ASSESSMENT OF THE POTENTTAL EFFECTS OF INCINERATION PRODUCTS
REGUIRES A COORDINATED APPROACH INVOLVING BOTH LABORATORY TOXICITY STUDIES
YD YIFLD ASSESSMENTS. THESE INVESTIGATIONS NEED TO BE COUFLED IN A
RESEARCH STRATEGY WHICH ADDRESSES BOTH SHORT-TERM AND LONG~TERM EFFECTS,

Conclusion 11:

The Committase found no documentation that the operation of liquid
hazardous waste incinerators on land or at sea has produced acure
adverse ecologlical effects. However, monltoring programs used to date
were faw and narrvow in scope.

RECOMMENDATION 11:

APPROPRIATELY DESIGNED FIELD STUDIES ARE NEEDED TO PROVIDE ASSURANCE
THAT THE LONG-TERM OPERATION OF INCINERATORS DQES NOT PRODUCE SIGNIFICANT
ADVERSE EFFECTS TO THE ENVIRONMENT.

Conclusion 12:

The Committee found no documentation that the operation of liquid
hazardous waste inclinerators om land or at sea has produced acute advarse
gffacts to public health. However, monitoring programs used to date wers
few and narrow ln scope.

Recommendation 12

EPA should svaluate the possible long—term consequences to human
health of a contimuing program of hazardous waste Iincineration.



"degtruction and removal efficlency,” which did not sufficlently account
for the mass of partially destroyed wastes and the mass of compounds

newly synthesized duri{ng the combustion process. The existence of

these conditlons does not necessarily mean that the incineration of liquid
hazardous wastes Is anvironmentally unacgeptabla, or that destruction
efficlency i3 not a logical first step in evaluating incinerator perior—
mance, but the Committee believes that the existing base of information

is insufficient to make a definitive statement about its envirommental
impacts ovar tima.

In summzyy, the task of adequately evaluating the potential impacts
of emissions from liquid hazardous waste incinerators on land or at. sea
i difficult because, while large amounts of source materials exist, they
oftentimes do not address the issues ralsed during the Committee's review
nor are they egqual for the two envirorments. In addition, exposures
to incinevation related pellutants are not directly comparable hetwaen
media. Different organisms, for example, exhibit different types of
effaects as the result of such expogsures. Whether these esffects occur
below our detection gapability or whether they will prove to be more
significant due to a continuing incineratlion program canmot be stated with
much certainty at this time. The Agency should consider these factors
within the context of evaluating the full range of waste nanagement and
disposal alternatives which may produce exposures and effects.

Conclusion:

'The programs for Incinerating Iigquid hazardous wastes on land and at
sea, and the destruction of other hazardous wastes by incineration,
present the Agency with risk assessment and risk management issues that
include sngineering, environmental monitoring, residus management, and
estimation of the effects on humans and other hiota. Because thasa
issues do not fall neatly within the houndaries of its current and
historical organizational structure, the Agency continueas to experisnce
difficulties both in assessing and wanaging hazardous waste incineratiom
programs. In general, the Agency did not assess a number of seciantific
issues relating to the incineration of liguid hazardous wastes, and
addressed in this report, until its programs ware either in later stages
of development or already implementaed.



Chaptexr 2
PROBLEMS ENCOUNTERED IN STORAGE, TRANSFERS AND TRAMSPORTATTION

OF LIQUID HAZARDOUS WASTES

Much of the public concern about storage, transportation and transfers
of toxic chemlicals is directed toward the problem of exposures resulting
from uncontrolled leaks and spills. The Committee bhelieves the Agency
should take steps to further minimize the occurrence of leaks and spills
and initiate tha preparation of emecgency responsa plang to anticipeate
such events. Such plang should address the most probable emergency
glituations and require the involvement of trained personnel Lo execute
the plans, perform pariodic drills, and provide for necessary equipment
and cther resources. Typlcally, an smergency plan will need tc consider
the preobability of chemical spillls, fires and explosiouns, atmospheric
disparsion and exposures of chemicals, and incidences of polsonings and
injuries. These plans should also include the development of population
eavacuation procedures. :

Ia connection with the problem of Ilncinsration at sea, the Committee
reviewad background literature pertaining to z pending request for burning
PCB wastaes stored at Emile, Alabama. The plan for transporting PCB wasteas
from Emile to Mpbile, Alabama for subsequent incineration at sea did not
appedar to address all these ilssues railsed in the praceding paragraph. In
addition, it failed to address problems assoclated with the handling of
wastes at Emile. The Committee did not have access to a similar plan for
a land based Incinarator for timely review. Algo, there appears Lo be
noe document which aexplicitly defines the roles of the EPA and rhe Department
af Trangsportabion with regard to any overlapping respoasibiiliries for
itmplementing the Resource Comseérvation and Recovery Acr (RCRA) and the
Hazardous Materials Transport Act {(EMTA).

A potential exists for envirommental and human exposures as chemicals
are removed from storage containers at the generator slte, moved to
transportation vehicles, shipped to the incinmerator, and moved about within
the incineration facility. TFor ocean incineration, where the {ncinerator
15 moblle, an additional c¢hance for axposure exists as the ineclnerator
ghip leaves port and travels to the burn area.



Exposuras can result from three pringipal events. These Inglude:

1., Fugitive emissions from tanks and vessals whers the toxic
chemicals ara stored.  These emissions are likely to be higher when
chemical rransfers occur between storage containers. Commion sources
of fugitive emissions Include leaks around pump packings and through
tank ventilation fittings.

2. Spills during transfer to and from tamks and transportation
vessals. Faulty couplings between transfer lines and storage tamks, and
spills during coupling activities are important causes of exposure.
Inattentive supervisionm of loading oparatlions leading to spills by overflow
can d4lso contribute to fugitive emissions.

3. "Spills can occur during transportation because of fire, explosion
or damage to the tramsport vehicle resulting from 2 collision.

As with many other aspects of the toxdlc waste problem, limited
information exists regarding the handling and transportation of thess
wastes. A brief summary of the data made available to the Committee is
presantad below.

A. WNature and Frequency of Accidental Spills

As required by the 1980 Comprehensive Environmental Response
Compaeusation and Liability Act (CERCLA) and Section 31l of the Clean
Water Act, EFA compiles information on reportable spills of zZen pounds
or more of matarial. The frequency of spills for PCRBs, for example, in
amounts over ten pounds 1Is reported in Table 1l:

Tabla I
Number of PCB Spills Ovar Ten Pounds, 1980 - 1983

1980 uusvavsnsrsravsvrnsrasrnanraannsnsns . 303
1981 vuvrensusersnssrecanassesssnssrares 381
1982 tvsnsasnasasnnnranasnas N £ 1
1983 (B mOnthE)eevvessnrssssvsasssarsraan 369

1 Parsonal talephone communication. Jahﬁ Rilsy, Chief of Response,
Standards and Criteria Branch, Emerpency Response Division, U. S.
Envirommental Protectiou Agemcy. July 23, 1884,
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The Committes found no statistics on the quantity of spilled materials.
During transportation, handlexs treat sll chemicals similar to gasoline and
conglder them as hazardous whether or not they are wastes. Federal
regulations require that only flammable liquids be transported inm special
U. S. Department of Transportation (DOT) trucks. DOT, however, is not
responalble for the environmental impacts assoclated with the transportation
and handling of chemicals. The general public alzo seems not to be aware
of how to report chemical spills.

B. Fugitive Emissions

The Agency should mors fully estimate the quantity of fugitive
amizslons. BEmission factors exist for hydrocarbon liquids and petvoleum
rafinery equipment applications which have been applied to estimate
emissions in toxice waste handling faeilities, Imt this work needs co he
validated.

At least two types of events related to traansportation cause fugitive
emissions. Filrst, the decanting of small containers (and/or handling of
leaking containers) Inmto trucks or rail tankers leads to releases. Secound,
fugitive emiszsions occcur when chemicals held in tanmkers or trucks are
decanted intp the storage tank farms at the incinerator site or at dockside
for at sea incineration. Additional emissions from lines, pumps, and
othaer sources are releasad in the lines between tank farm storage and
tneinerators. Good housekseping practices and frequent inspections will
reduce these fugitive emiassions. The levels of fugitive smissions under
good housekazeping practices should be estimated and comparsd with emissions
from incinerator stacks to better attribute the source of human and
amviconmental exposures.

Technical flaws, however, exist in certaln types of lnelnerators
which lead to higher levels of fugitive emigsfions. Specifically, rotary
kiln incinerators, vecausa thev lack a2 positive seal betwean rotary drum
and stationary parts, experience conditions of "puff back” whenever the
kiln rveceivas a sudden high thermal loading of chemicals. These lcadings
nccur usually when faeding solid chemicals or sludges contained In drums
into the incineraror. Although the kilog normally operate at negative
pressure with respect to the enviroument, a pogitive pressure is producad
in these instances which forces some of the chemicals in the kiln through
the annular space between drum and stator into the environment. The
level of emissions resulting from these design characteristics needs
avaluating, and the technical flaws should be eliminared in cases where
EPA determines that unacceptable emission levels exist.

ICF, Inc. has estimated release rates of chemlicals from contailners
as a fraction of the container capaclity and the distance they are
shipped. Table 2 presents these data-

-
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Tabla 2

Fractional Losses of Liquid Chemicals from Containers as a Funetion of
Distance Transportad®

ONE WAY DISTANCE

14 MILES 25 MILES 250 MILES
Container Type
Tanker - -8 x 10 0%ke ] % 1075 —— 3 x 1073
Steel Drum L3 x 1074 == 4 x 1074 ——= 9 x 107
Opan Meral Container =—————- L x 1073 —— [ x 1073 —- 3 x 1073

®#* Ty obtain volume of chemicals lost, multiply fractional lesses hy the
volume of the container.

Table 2 {: based upon modeling techuiques used by ICF, Inc.l which
summarize estimates of fractions released for sach container type for
three shipment distances. These estimates result from locident, frequensy
and release rate data, {uformation on shipment distance, truck volums aund
accident data. The Committee wishes tpo stress the polnt that Table II
prasants ouly theoretical data on chemircal loszsses. There is a naed for
real world data te replacs this table.

The Committee belisves, as deo other observars, that the possibility
exists that, with current management practices, fuglitlve emissions from
handling at the generator sitez, as wall as transportaticn losses en route
to the incinerater and in chemical waste storage areas surrounding certalin
incinerators may he as great or greater than the toxle chemicals emitted
from the incinerators as a result of lncomplete combustion. *

1 ICF, Ine. Report on the RCRA Risk-Cost Analysis Model Phase III,
March 1, 1984,

2 Abkowltze M.A. Eiger and 5. Srinivasan. Assessing the Risks and Costs
Aggociated with Truek Transport of Hazardous Wastes. Drafr Final
Report for the Qffice of S5Sclid Waste of U.3. EPA, Washington, DC 1984,

Systems Applications, Inc. Human Exposure to Atmospheric Concentrations
of Salacted Chemicals. Prapared Under EPA Contract 68«02=30606 for the -
Office of Air Quality Planning and Standards, 1983.

* The Committee assumes that volatilization accounts for some portiom of
thege losses. :
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c. Handling Procedures

The Federal govermment has not specified procedures to handle
roxic chemical wastes, nor has it evaluated alternative procedures to
determine which are most effective in minimizing spills and fugitive
emisslons. The Committee was Lnformed that the Department of Defanse
decanted and transferred Agent Orange and DDT wastes to the vessel
Vulcapus I under controlled comditions at the Navy Base at Gulfport,
Mississippi,l but it could not establish what procedures private industry
uses for handling similar wastes.

Issues relating to the incidence of leaks and spills during
trangport and storage operations are similar for incineration on land and
at sea untll the moment the chemicals ars loaded aboard the incinerator
ship. At this point the causes and magnitude of fugitive emissionsg and
spills may diverge. The complex motions of the ship on an open sea may
incraase the problem of stahblas operation of the onboatrd incinerarer.

The risks of exposurs to human and non~human populations are
associated with factors such as the location of the sources of chemical
wastes, the siting of incinerator facilitiesg, and to the mass and
composition of chemlcals to be incinerated. The zreater the traffic
hetween 2 source and an inclinerator, the more likely 1s the Inecidence of
spills. The Agency should prepare or direct the preparation of a
statistical profile of spills, based upomw historical data, to assess the
srobability of various exsosure scenarios. This analysis should include
3 discussion of ovtimum tramsport methods. LI shipment sizes are large,
the number of shipments and, consequently, the number of spills are
reduced; however, the amount of matersial released to the biogphere
increasas in the =vent of a spill. Theorvetical emission factors of
storage plant egquipment should ke used to estimate fugitlve releases; ia
addirion, actual toxic waste storvage facilities should be visited to
determine plant component emission factors. The protocol to detesrmine
rhe Itkalihood of exposure resulting from incineration should consider
factors such as human population density at the waste source, along
the route, and at the site of the incinerator; and fugitlive emissions and
potential spills at the source, the waste storage plant, during transit
to the ineinsration site, and at the Iincinerator waste storage plant.

These factors, in turm, will be influenced by the total anmual
smount of mataerial fincinerated in a region and the capacity of transport
vahicles. Available capacity determines the frequency of transport,
which influences the likely number of spills and the mass emitted during
gpills. Estimates of the total emissions due to loading and unloading
operations can then be specified. Onge this step takes place the
developrent of an exposure analysis which expresses the summation and

1 Personal telephone communicatiom. Russel H. Wyer, Director, Hazardous
Site Contral Division, Office of Emergency and Remedial Respouse,
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asgsassment of all likely emissiona and the deteymination of the human
populations exposed to the emisslens can occur. Subsequently, Agency

staff can evaluate the human health and environmental effects believed to
pceur from such exposures. The Committee believes that the above procedure
can be formallzed 1u a serles of algorithms to conduct a systematic
evaluation of ewposure conditions.

Catastrophic accidents, especially near incineratlon sites where
large quantities of liquid hazardous wastes are stored and burned, require
the ability to mount rapid emergency responses. Singe the major route
for the initial movement of hazardous wastes during an accident is likely
to be through the atmosphera, a real-time emergency cesponse simulation
capability should be developed to provide a site—specific 2malysis of the
atmospheric transport and dispersion of toxic gases aund particles released
or avaporated imto the air. The simulation model should have the capabiliry
of using local meteorological observatlons and objectively evaluating the
effacts of local topographic featurass on wind flow, and addressing factors
such a3 plume rise and initial diifusion. The simularion model should he
readily usable at all major incineration facilities and for all major
trangportation routes.

Conclusgion:

Nearly all types of hazardous waste manzgement and dispesal involwve
the erollection, temporary storage, pumping and transpoct of the wastces.
Accidental spills and fugitive emisslons can occur during any of thesa
procassas. Based upon presently available data, the Committese cannet
assess the Full magnitude of this prohlem mut acknowledges a possibilicy
that fugitive emisgions and spills uway release as much or wore toilc
matarial to the enviromment as the direct emissicns from incomplete waste
incinaration.

RECOMMENDATLON:

THE AGENCY SHOULD ASSESS THE ENVIRONMENTAL RELEASES OF FUGITIVE
EMISSIONS OF CHEMICAL WASTES aND WASTE-DERIVED MATERIALS FROM ALL PRASES
OF EACH WASTE MANAGEMENT AND DISPOSAL PROCESS, INCLUDING THOSE JOT
ADDRESSED IN THIS REPORT. [INSOFAR AS TINCINERATION INVOLVES UNIQUE
EXPOSURES OR EVENTS, THESE SHOULD BE SPECIFIED.

Conclusion:

The probabilities of the magnitude and duration of human and non~
human population exposures to hazardous chemicals are influenced by many
factors, such as the occurrence of fugitive emissions, which could be
minimized by changed operatiomal procedures for Incineratiou activities,
Ezanples of such procadures include the use of traps on storage
containers and low leakage interconnects between storage tanks and
transport vehicles.
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RECOMMENDATION:

EPA SHOULD EVALUATE THE POSSIBILITY OF ADOPTING ALTERNATIVE MANAGERIAL
PROCEDURES THAT COULD REDUCE THE PROBABILITIES OF CEBEMICAL SPILLS, THE
MAGNITUDE OF FUGITIVE EMISSIONS, AND THEIR POTENTIAL EFFECTS.

Concluslon:

Based upon the data submitted for its review and observations made
during site visits of operating facilities, the Committee is concerned,
in the absence of qualified on-site inspectors, about the rellability of
oparating large-scale land based incinerators, especially for critical
chemical burns (=.g5., dioxins, PCBs, dibenzofurans, atc.).

RECOMMENDATTION:

THE AGENCY SHOULD SERIOUSLY CONSIDER THE USE OF ON-SITE INSPECTORS
FOR AT LEAST LARGE VOLUME, HIGHLY HAZARDOUS CHEMICAL INCINERATIONS ON
LAND. THIS IDEA IS SIMILAR TOQ THE SHIP-BOARD RIDER CONCEPT EMPLOYED FOR
INCINERATICON AT SEA.

Conclusion:

Responses to accidental releases need fo be rapid and objective and
must be initiated with minimal lead time to avoid or minimize any adverse
health impact ou the surrcunding populations- A Ynowledge of site-specific
atmospheric transport conditionms is an impertant element Zor an emergency
responge capability at major incineratiom sicas, transfer polnts, and
aloung majer transportation coutas.

RECOMMENDATION:

REAL-TIME, SITE-SPECIFIC ATMOSPAERIC TRaNSPORT STMULATION MODELS
SHOULD BE AN INTEGRAL PART OF PLANNING EMERGENCY RESPONSES FOR INCIN-
TRATION PLANTS, AND TRANSPORT, STORAGE AND TRANSFER FACILITIES.
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Chapter 3

PROBLEMS ASSOCTATED WITH HAZARDOUS WASTES INCINERATION PFROCESSES

Incinaration of toxlic chemicals in the comtext of this raport refaers
to high temperature owldation of liquid hazardous wastas in specially
designed incinerators. Due to time and resource constraints, the Committee
did not examine in great detail non=oxidative high temperature destyuction
processes as a means of thermal destruction of toxic chemicals, although
the high temperature pyrolysis methods may prove to be another promising
chemical waste management aporoach.

Typically, the incinerators under discussion in this repeort operates
batwean 9009C and 1,2009C and are fuelad by the toxic chemicals with
auxiliary heating supplied by a fusl oil or natural gas when burning
chamicals with low heating values. Dasign gas phase residenge timss in
the high temperature zounes range {rom 0.2 saconds to several ssconds.

The completaness of conversion of the incineratsd wasces to carbon
dioxida (203), watar (H20), hydrochloric acid (BCl) and carbon monoxide (D)
depend upon 2 complex interplay of chamical and physical variables imcluding
combustion temperaturss, gas—phase mixiag, waste atomizacion, and residenca
time Iin the combustion zons.. Incinerators discussed 1n this report
have the capability to burn a wide range of liguid hazardous wastas.

Yajor attentlon has focused on the oxidation of halogenated hydracarbons
since these substances are rvelatively difficult to comnlately incinerata.
The datailed pathways for the combustion reactions have not heen defined,
alchough a more complete understanding of the chemistzy would undauntedly
srovide eignificant information which would prove useful o enhance the
design and ¢peratiom of incinerztors. '

The dastruction of czomplex halogarhons cgeurs in a saquence of
reaction steps. These consist of hond seigsion creating chemical fragnents
which mderge further fragwentartien and oxidation. The reaczion times for
the individual steps last on che order of milliseconds ag typical
incinerarion remperaturas. The availability of hydroxvl (2E) radicals
appedrs Lo promote the gata of decompasition of many hazardous compounds.
Because chlorine sarvas as an OH radical scavenger, chlorocarbons have been
used 23 firve refardants, thusz slowing down oxidarion rates. Chemicals
with nigh chlorime to hydrogen ratics tend to soot readily. Ia general,
the chlarocarbons must he burned with larze quantitias of exgass aiy
relative to hydrocarbons 2o prevent sgot fprmation during combuszion.

ldaally, all wastesg antaring the Iinginevaror will aventually
degrade into their simplestc forms, a.g., Ny, #H70, HCL. Because qone
2f these proceszses 1s 1007 efficient, however, incomplete combustion of
wastes, or tha synthesls of new compounds due to racombination of molegular
fragments outgide of the combustion zome, complicates considerably the
evaluation of tha ccmplatenesa of combustion.

In the case of tha Vuleaznus I and Vuleanus II incinerstor vaszszals,
oparated %y Chemical Wastsa Wanagemenx, Ine., rhe residence time of cnmnnnents
in the incinerator 1z about one sacond. Tescs of land based incinerators
have usad rvesidencs times' of less than 1 sacond to 6.5 seconds. Gas
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chromatogram snalysas of stack gas samples collected from both land and
sea based incinerators indicate that organic compounds are emitted.
Whether these compounds are unburned portions of the original waste or

the result of chemical racomblipations 13 unknown. In elther gase, 1t 1s
clear that substances other than COj, CO, H20 and HCl exit the inciperator
stack. The degree of destruction achieved i{s, therefore, Imperfect.

Given the difficulties of analyzing all of the stack emissions, a
completely detalled analysis may be impossible. The Ageucy chose to
amphasize measurement of the disappearance of selected waste constituents
as a means of testing the performance of incinerators and Lo use ratios
of CO/CO2 as Indicators of incinerator performance. The Agency assumed
that, by analyzing the waste to be burned and selecting an abundant

- component with a low heat of combustion, thereafter called a Principal

Organlc Hazardous Constituent (POHC), and monitoring the stack emissions
fnr rha POHC, one conld determine the amount of destruction for other
componants with hizher haats af combustion. In other words, by monitoring
the faed and emissions for carefully selected compounds during £rial burns
and monitoring the Zevela of 05 and CO in the gas, one could estimate

the destruction efficliency (DE) for the total waste and estimate the
operational performance of the Incinertor.

The hypothesis of incirerability hased upon relative heats of
combuston I1s an approximation founded on thermodynamic asgumptions.
EPA has ranked organic compounds according to their heats of combustion
based on the list of such compounds in Appendiz VIII 4OCFR Part 261.
The Agency has published this list o lrs "Guidance Manual for Hazardous
Yaste Incinevator Permits.” The list allows one te track a suitable
POHC as incineraticn proceeds. The assumptions underlying the general
apnifeability of the POHC concept for all compounds in the waste streanm
will be valid only 1f the kinetics of combustion and destruction for all
rthe waste compounds are fast snough for the reactions to take place hefore
cthe wastes exift the igcinerator. The data collected during research and
trial burns generally support the Agency’s pesitlon that lncinerators
can he built and zun undar a sat of optimal condirions se that the
destruction efficiency for the selected POHCs can meet specified critaria
of 99.99% to 99.9999% DE (fov PCB's). Apparently, the Agency developed
this approach as a policy choice to guide the development of regulations
for land based incinerators. However, as long as the definitien of-
destruction afficiency addresses only the disappearance of the parent
POHC and does not take Iinto account products of partial decomposition or
products newly synthesized in the incineration process, the definition is
limited in its ability to aid in the assessment of total emissions and
subsaquent assessments of environmental axposures.

The fact that numeroug <ompounds have appeared in the emissions of
liquid hazardous waste ilncinerators causes the Committee to questlon the
agsumption that a POHC can be used as a surrogate for the destruction of
all other compounds in the waste. EPA ig cognizant of this problem, for
it has recognized an additional group of compounds which may be in the
stack gas. These are called Products of Incomplete Combustion (PICs).



- 17 =

PICs are defined as compounds on the Appendix VIIT list but present in
the feed at levels of <100mg/l. By definition, compounds absent from the
Appendix VIII list can be neither POHCs nor PICs. Therefore, they are
seldom detarmined. It is possihle that the aggregate of all compounds in
the emissions, which are neither categorized as POHCs or as PICs, are
more toxic and pose higher envirommental risks than those listed. Data
on the toxicities of combustion products relative to parent compounds are
lacking.

A review of all documents supplied to the Committee that pertained
to past monltoring of incineration events, as well as data vequested
From EPA officials, have failed ta yield a single "complete” analysis of
the identities and guantities of organics emitted from an incinerator
gtack. Even data cn PICs in the emissions are extremely scarce. This
view is supported by Trenholm (Trenholm at. al., November 1984) who stated
that "...the data base for 2ICs from combustion of the complex matricss
of organic constituents which currently are baing fad to hazardous wasca
incinerators was virtually nonexistent hefore the Midwest Ragearch ILastirutse
[Gorman, P. and K. P. &panth, 1984] study".! Ia the MRI study, PICs weras
defined as compounds in the stack gas samples that appesr in Appendix
VIIT and under 100 ppm in the feed. Twentv-nine PICs were identified.
Travis et al. 1984, estimate that only 1% to 107 of the total hydrocarbon
amissions were identified In the MRI study. Trenholm et. al. (1984) alse
presant data on the amount of PICs emitted from the eight incinerators
gtudied as a percant of the POHC input. This can be presented in the
fallowing equation:

% = PIC ourput {(g/min) = 100
POHC i{nput (g/min)

The various results range from 0.00029%7 te 0.012% with a mean of
0.0031% (Travis et. al,, 1984). In the Trenholm et. al. (19384)
study, the eight Incimerator cperators received advance notice of the
visitation of EPA contragt personnel so that operatioms at the facilities
may have beem at or near optimal performance. In addicion, In one case
whern optimal operation was not achleved, the sampling probe was removed
and reinsarted after the situation was corvected. Therefore, one could
logically assume that normal emissgions often contain wmore PICs than
reported,

Midwest Research Institute was requested by EPA to charactevize more
somplately the organic emisslons of one of the eight incinsrxators tested.
Retrospective studies of thiz type are diffigult to do since no quanti-
tative standards were usad during the agtual chemical analyses; thus, any
subsaquent Interpretation of the data for such unquantitated chemicals is

I Letter from Jamea L. Spigarelli to Timothy Oppel: vegarding the
characterization of organic chemical emissions from a selected hazardous
waste incinerator, July 25, 1984,
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somewhat speculative. The data ratrieved were from gas chromatography-mass
spectrometcy (GC-MS) records. Even so, 53 compounds were observed of

which 29 were POECs. Total hydrocarbon emissions averaged 1900 ug/l in

the stack gas; however, only 610 ng/l were identifled by the GC-MS.
Utilizing 1900 ng/l as the output term Iin the DE equation, the calculated
DE 1s zpproximately 99.99%. This particular Iincinerator was a2 large

rotary kilu with afterburner unit followad by water sprays, two packed

beds and am lonizing wet scrubber. Wirhout such am air pollution contrel
gystem, it is vary likely that the calculated DE would be less than

99.99%.

Based on the data of Trenholm et, al., EPA could approximate the
chemical emissions from incinerators, but they remain only as approxi-
mations because the representativeness of the dara is unknown. These
estimates may be used to indicate whather or not teo ralse concern over
the potential organic emissions from incinerators. In the case of an
hypotherical incinerater ship, the following assumptions could he made:

A, Ship capacity = 4,1 x 107 metric tous
= 4.1 x 106 kg

B. Maximum permitted PCB concantrations = 33% in waste

C. Average % PIC output of POHC input = 0.0031%
for 8 land based incinerators

D. Maximum % PIC output of POHC input = 2.0217%
for 8 land based incinevators

E. Only 1% of total emitted hydrocarhons detected
These assumptions form the basis for the following calculations:

A. Maximum amount of PCB input per burn
(4.1 x 106 kg/burn) (0.35) = 1.4 x 106 kg/burn

B. PIC output per burn agsuming average land based incinerator
performance:

(1.4 x 106 kg/burn) (3.1 x 10'5) = 4.3 x 101 kg/burn
= 43 kg/burn

C. PIC output per burn assuming worst land based incinerator
performance

(1.4 x 106 kg/burn) (1.2 % 107%) = 1.7 x 102 kg/burn
# 170 kg/burn

D. Unburned hydrocarbon output assuming only 1% of hydrocarbons
detacted

1. For average land based inecinerator performance
(43 kg/burn) (102) = 4,3 x 103 kg/burn
2. For worst land based incinerator performanca

(170 kg/burn) (102) = 1.7 x 104 kg/burn
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The literature supplied to the Committee onm the DEs or Destruction
and Removal Efficiencies (DREs) of PCE burns claims 99.992 or 99,9999%
efficiencles throughout. These statements rely solely on POHCs, as
expressed in the following equation:

POHC - POHC
in out
DE = x 100 » 99.99%
POHC
in

If one substitutes the caleulated unburmed hydrocarbon output (for
the worst noted land based incinerator performance and assuming that only
1% of the unburned hydrocarbons are detected) for the POHC output in the
above formula, varhaps another approximation of the Total Destruction
Efficiency (TDE) may be obtained in the form of:

POHC - total organics
"TDE" = in out x 100

POHC
in

"TDE" = 1.4 x 100 kg - 1.7 x 10% kg x 100

1.4 x 10%¢g

98.8%

Even if other combustible material made up the remaining 65% of the
fead stock and 4.1 x 106 kg wers substituted for the POHC, the wodifiad
destruction efficiency as calculated above would achieve 9%.64., If the
average land based incinerator performance, using data Inputs received
from EPA, 15 assumed with detectionm of only 1% of the wnburned hydrocarbouns,
the resulting modified destruction efficlencies for the two POHC estimates
(L.4 x 106 kg and 4.1 x 108 kg) would attain 99.7% and 99.9%, respectively.
In any case, 99.99% destruction efficiency does not appear to be achieved
1f compounds other than POHCs in the stack gas are considered.

To further stress the Importance of measuring more compounds in the
stack gas than just POHCs and perhaps a few PICs, the Committee would
like to comment on data included in two repovts prepared by the Rollins
Caorporation. One reportl measurad total organics in stack samples {gas
samples, GC~FID, no columm) and found an average of 1.1 lbs/tir. ewitted.

1 PCR incineratiom test made by Rollins Enviromental Sexvices, Deerpark,
November 12-16, 1976, Submitted to Jim Salas, EPA Region 6, Dallas
Texas, .
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The other repurtl which looked faor PCBs, dibenzofurans and EPA priority

chlorinated hydrocarboms in stack samples, found less than 6,103 lhs/hr
of these compounds emitted=—a difference of 4 to 5 orders of magnitude.

Admittedly, the faed rates of the two fLanclnerators would differ, but it

{5 unlikely that they would vary by this amount.

It 1s apparent that even with the uncertainties related to sampling
efficiencies and inadequate chemical analyses, as much as 1% of the mass
of waste feed could exit an incinerator as compounds other than COp, CO,
H50 and HCl. Without a thorough quantitative and qualitative analysis of
these compounds, reliable estimates of thelr transport, their fates, and
ultimately thelr humsn health and environmental ilumpacts appear lmpossible,
The Committee halleves that relying on destruction efficiencles, as presently
defined, to estimate the quantity aand quality of all generated inclinerator
emissions i{s sciencifically inadequate.

When the time varying nature of the incinerztor performance 1s
considered, DE as previously computed does not reflect the consequances
of flame ours or other process upsets. Agsuming a destructiom efficlency
of 99.9999% for an incinerator ship, a 10 second flame out could {ncrease
PCB emissions five—fold, assuming that the 10 second feed 1s vaporized
and undestructed materials leave the gtack. However, assuming a
degtruction efficiency of 99.59%, the effect of a ten- secoud flame out
may increass PCE emissions by 5 percent. TIn other words, two 10 second
flame outs are equivalent to reducing the average DE from 99.9999% to
99.99%. These faliure estimates are probably exaggerated, 1f the
incinerator can maintain sufficlently elevared remperatures and other
conditions to permit at least some destruction of the PCBs. The reader is
cautioned that these calcularions arz hypothetical, but they served as
illustrations to support the viewpoint that the higher the target
destruction aefficiencies, the more sensitive the entlire system is to the
atfacts of temporary upsets.

Comparison of Land Based and At Sea Incinerators

The Commitree has observed the following differences between
ineinerators operating at sea and on land:

1. Incinerators on land tend to operate at lower temperatures and
have longer residence times than lnclnerators at sea. Land based units
may also be designed to operate on toxic chemical sludges as well as
roxic liquids and, consequently, they may be segmentad into a volatili-
zation chamber and an afterburner.

I Determination of polychlorinated dibeunzo-p—dioxins, dlbenzo-furans,
and biphenyls iIn stack effluents and other gsamples from PCB iacineration
test at Deer Park, Taxas and Insco, El Dorado, Arkansas, February 15,
1981. Submitted to James Sales, EPA Region 6, Dallas, Texas.:
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2. Existing incinerators at gsea oparate without scrubbers and,
therefore, amit acid mists.

Some new ocean incineration vessels wnder coustruction are
designed to use sea water for scrubbing or quenching. This scrub water
will entrain some combustion products and have the potential to form
saturated solutions of hydrocarbons in water. If the scrub water is
returned to the ocean, it will remain at the surface because i1s 1t warmer
than the ambisnt sea water. Expogures to surface dwelling marine organisms
(neuston) will occur at much higher concentrations of combustion products
than through trausfer of these products from the plume to the water
surface. However, these comments may not apply to all ocean based
incitierator designs. In additlon, the potential impact of combustion
products from these vessels on aguatic biota may be easier to assess
undar controlled conditions in the laboratory.

Serubber waters from land based incinerators alse contzin hazardeus
matarials which must he disposed of in an environmentally accaptable
manner. In at laast one case, the Committee obsarved rhat scrubbar water
was discharged to the local sewar system; ultimately, some of the
materials might enter local waterways.

3. Land-based incinerators operate on a stable base while ocean
incinerators may operate on rolling and pitching gseas. Sloshing of
. 1liguids in partially filled vessels can c¢reate surges In the operation of
pumps, meters, and the incinerator, and may contributs to the possibilizy
of operational upsets.

The Agancy has not characterized the differsnces among various
incinevaricn tachnologlas at gsea and on land to assess the expectad
differances they may cause in incinerator performance. It should
undartake such a comparison to couplete a comparative risk analysis
hatwaen the two technologies.

Coneclusion:

To monitor whether ov not liquid hazardous wastes were destroyed
in the incineration process, the Agency adopted the concept of destructiom
af ficiency. This approach emphasizes the elimination of several pre-
selectad compounds in the waste and does not fully address either partial
oxidation or chemical rzcombinations, either of which may creata new
toxic compounds in the incineration process. To date, only a very small
portion of the cempounds found in emissions from incinerators has been
identified qualitatively or quantitatively. As a consequence, the Com=
mittee finds the concept of destruction efficiency used by the Agency to
be incomplete and not useful for subsequent exposure assassments.
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RECOMMENDATION:

THE EMISSIONS AND EFFLUENTS OF HAZARDOUS WASTE INCINERATORS NEED TO
BE ANALYZED IN SUCH A WAY THAT THE TOXICITY OF THE CHEMICAL MIXTURE AND
THE IDENTITY AND QUANTITY OF THE CHEMICALS RELEASED INTO THE ENVIRONMENT,
INCLUDING THEIR PHYSICAL FORM AND CHARACTERISTICS (PARTICLES, DROPLETS,
GASES), CAN BE ESTIMATED.

THE AGENCY SHOULD DEVELOP A REVISED DESTRUCTION EFFICIENCY FARADIGM
SO THAT ITS ASSESSMENT OF INCINERATOR PERFORMANCE CAN ACCQUNT FOR THE
VARTABILITY OF EMISSIONS AND EFFLUENTS.



- 23 -

Chapter &

MONITORING OF STACK EMISSIONS

Obtaining accurate information on which organic materials exlt
an lncinerator stack depends on the adequacy of quality assurance/quality
control procedures in sampling and analyzing stack emissions. These
procedures include obtalning representative gas samples, separating and
quantitatively storing the sampled organic components, quantitatively
retrieving the stored materials, and determining what compounds are
present and in what amounts. The accuracy and precision of these steps
will determine the coufideuce in. the predictions of both transpoct, Fate
and blological effects of the materials that are identified.

To date, the sampling of stack gas emissions has not occurverd in 2
manner which would allow appropriate scilentific evaluation. For axample,
the sampling trains used to collect the organic emisslions for anmalysis
ware not consistent in either operation or desigzn. As g vesult, it is
difficult, 1f not impossible, to compare results from the varlous studies.
Often a single sample peint in the stack was uged to gather the sample
for chemical amalysis. Vagaries in flow, temperature, and gas compesition
. that can occur wirhin a typical large scale commercial stack require
sampling at many locatioms in the stack to gather a composite of the
emissionsg.

A gerious drawback of all the gampling programs carried out during
previous inecineration research burns i{g the collection of datz for only
short dutations and nnder nommal or "optimal” operating counditions. During
periods of abnormal operating conditions, Agency stcaff informed the
Committee that the sampling probe was removed or that sampling was terminared
prematurely when sampling tralns became clogged. Such practices lead to
{nacenrate resules. On a few occasions, the Committee quastioned whether
the sample train was adequately washed with a variety of sclvents prior
to sampling to remove condensed residues of high molecular weight components
and particulate materials. Sach practices would, of course, introduce
additienal inaccuracies.

One of the most notable sources of error was assoclated with the
methods used to calibrate the sampling apparatus for recovery of suspected
organic compounds. It appears that some recovery information was collectad
by spiking the sample train under ambient conditions and not under
circumstances that at least simulate actual field conditions. The most
obviocus of these conditious was a gas stream at high temperatura that is
enriched with CO, CO09, H20, and ACl. The Committee recognizes that
recoveries of organic compounds from various gas streams can be markedly
influenced by the inorganic components present, but it believes that the
Agency should undertske afforts to develop recovery protocols that at
least approach field condirions. EPA can use information obtained from
such methods not only to evaluate past analytical informatlon but also
to optimize future sampling afforts.
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Thera appearg to be a generzl lack of Informatiom on the repro-
dueibility of the sampling processes emploved to date. The simple and
most diract methed to establish the limitz of reproducibility consist of
conducting multiple samplings of the same stack gas emissions under the
game conditions.

Most stack sampling has addressed the problem of measuring the
presence of unmodified feed components in the stack gas emissions. In
those cases where ilnvestigation of combustion by-products occurred, the
sampling most oftan focugsed on smallar molacules of low polarity.

Although such materials are important, theay do not address the congiderable
contribution te the stack gas from polar gcompounds. The sampling, recovery
and analytical methods employed have not racognized these possibilitles.
The polar by-products, if formed, may be of special toxicological
gignilificance becanse of theilr increased water solubilicy.

To calculate mass emlssion rates of specific compounds, the stack gas
remperature and velocity should be measured at the sample polnts with the
results integrated over the stack cross sgection to determine the mass flow
tn each companent.

Conclusion:

Previous sampling efforts during research hurng have occurved aither
undar optimal burn conditions, or through the use of inadequate sampling
procadures during upset conditions which oceur with unknown fraquency.
Evenn relatively short—-tewm operation of lncinerators Iln upset conditions
can zreatly increase thelr total Iocadings to the enviromment.

RECOMMENDATION:

THE DETERMINATION OF THE ACTUAL EMISSIONS AND EFFLUENTS OF INCINERATCORS
GHOULD RESULT FROM AN ASSESSMENT OF THE TOTAL MASS LOADING TO THE ENVIRONMENT
UNDER ALL OQPERATING CONDITIONS.

Conclugion:

The existing analytical data for emissions from hazardous waste
incinerators have a variety of limitations. Among the majov problems are
the limited number of chemicals selected for analyses and the facr that
the analytical methedologlies hava not been wvalidared for either the
conditions of the fest and for the compler mixtures which exisc in
incinerator emissions. As a result, no relatively complete and veliable
analyseg of mass emissions from eicher land or sea based incinerators
axist on which to develop subsequent estimates of the potential for
atvirommental axposures. Thaese analytical problems are particularly
difficult to solve for Ilncinmarators with very high aexlr temperatures.

RECOMMENDATLON:

SAMPLING AND ANALYTICAL METHODOLOGIES SHOULD BE VALIDATED FOR
MEASUREMENTS OF EMISSIONS FROM HAZARDOUS WASTE INCINERATORS.
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Chapter 3

ATMOSPHERIC TRANSPORT AND FATE

Source conflguration, topography, and ambient meteorology all
strongly affect subsequent envirommental transport and fate of chemicals.
Once emitted, stack gases and particles are transported varying
distances through the atmosphere wntil ultimately they are either
destroyed through such mechanisms as photo—decomposition or depositad
on land or sea surfaces. Any predicrion of the biological impact of
incinerator emissions needs to consider these factors.

Armospheric properties which determine the tramsport and fata of
these amissions are highly variable in space and time. On-shore and off-
shore mateorological comditioms can differ widely and need to be considered
separately. Sclentists have a general understanding and documentation of
both large—scale weather and climate over coastal seas and water cireulation
patterns. Oa the other hand, migro-scala comditions that determine pluma
dispersion and deposition are less well known, and the available data
basa 1s limited to several experimental studies counducted within 1C km off
the shoreline of the coasts of Long Island (Raynor at. al., 1975, 1%78),
Louisiana (Dabberdt et. al., 1982), 2nd south—central California
(Zanneti at. al., 1981, and Dabberdt et. al., 1984). In general, bhetter
documentation exists for meteorological conditions over land, both oun
large and small scales.

The bhehavior of plumes, such as those from inclnerators, has under—
gone extensive study and, with cars, can he aodeled adequately for the
purpose of simulating worst—case or aven typical concentrations. Sone
atrempts at simulating concentrarions and dosages from land aud sea based
incinerators exist in the available literaturs. In one study (0'Deonnell
at. al., 1982), EPA requested that Oak Ridge Natiomal Laboratory detarmine
atmospheric concentrations resulting from geveral actual incinerators
that wera then hypothetically located (for wodeling purposes) in various
U. 8. cities. The study authors used a historical weather data base of
saveral vears. Although the results may be considered "typical” of what
ugually happens, they do not depict a range of conditlons resulting Ifrom
local meteorology (e.g., inversion capped vallays) or adverse combinations
of source location and demographic distributions. Another EPA-contracted
study (JRB Associateas, 1984) attempted to evaluate worst case Impacts from
shipboard incinerator cperations 200 km off shore. The meteorological
input data usad to drive the model, as well as some of the physieal
asgumptions, wera questionable at best. Furthermore, the model utilized
was not appropriate to conditions involving a moving source and a fixed
receptor. Additionally, the final Znvirommental Impact Statements for
the Gulf of Mexico (EPA 1976) and North Atlantic Ocean (EPA 1981) burn
gltes discuss the atmogpheric and oceanic charvacteristics but do not
discuss plume behavior and astmospheric stability in sufficlent detail to
gvaluate the atmospheric dispersion calculations that were presented.
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Although limitations to the precision and accuracy of the availahle
over-land and over—water disparsion models exist (Hannati et. al., 1%984),
analysts can obtaln simulations of sufficient accuracy for the purpose of
avaluating incineration impacts.l The more important uncertainties arise
from assumptlons of estimates regarding the nature and rate of the effluent
emissions, wer and dry deposition rates, meteorological inputs and
atmespheric reactions (dry and aqueous).

Important diffarences In dispersion rates can be achisved over water
by selacting the time and place for incineration and varying the navigation
of the ship (e.g., crulsing across the wind). Atmospheric mixing and
transport exhibit stromg raglonal differences in rate and extaant, and
large changes occur under different seazsonal and weather conditions. The
North Atlantlic Ocean has much better atmospheric conditions for dispersion
vear round than does the Gulf of Mexico, but the latter exhibirs more
optimal dispersion conditions in fall than in late winter. Inclnerattion
over land should take into considaration the large range of dispersion
afficiencias encountared. There will be periods when poor disperszion
conditions produce high, local concentratlions, and the EPA should consider
reducing or eliminating incineration ar these times. Agricultural
burning Ls confrolled in the western states 1in an analogous manuer.

The Agency has treated the plume rilse issue In 4 cursory manner even
though the scientific literarure documents that it has an Important
impact on pollutant tramsport and removal. Plume cise can he a critieal
determinant of downwind concentrations by governing whether emissions get
rrappad below an elevated inversion, embedded in a surface hased Inverzion,
or contained above an elevated inversion that the plume has penetrated.
The EPA/JRB dispersion analysis (JRB, 1984) assumes a worst case temperature
lapse rate for a surfacae based inversion that is an order of magnitude less
than acrually observed in Gulf of Mexico dispersion studies (Dabberdt at.
al., 1982). Subsequent plume rise considerations are thus unrepresentative.
Ts enhance the credibility of these aefforts, EFA should eliminate discrap-
ancias of this type and initiate more rigorous and representatlive model
simulationsg.

In a2 mmber of places, EPA estimates and calenlations assume that
emisaions from Iincineraztor stacks will be deposited in the Gulf of
Mezxico. Agency staff also implicitly stated this position in seome
of their briefings to the Committee. In actuality, some of the compounds
may have atmospheric lifetimes of weeks or more during summer and fall
and may be dispersed over the hemisphere. During these periods, the

l Such model simulations are typically within a factor of three of
reprasantative cbservatiouns.
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atmosphere is unstable, and the contaminants will rapidly move through
the depth of the nixed layer which fraquently is capped by a thermal
inversion at a 300 meter (m) to 600 m altitude. However, plume rise of
the heated incinerator emissions may be sufficient to penetrate the
inversion, effectively isolating the elevated plume from the underiying
water surface and leading to long distance’ tramsport and dispersion.
Should plume rise not rzach above the inversion surface, the low
atmospheric concentrations in the mixed layer below the inversion will
limit deposition.

Mataeorological dispersion conditions are diffarent during winter
and early spring when Gulf of Mexico surface water temperatures are low
{1590=20°C) and the advection of relatively warm air results in a steep,
shallow {inversion from the sea surface to heights of 100 m to 250 m.
Experimental studies in stable atmospheres over both the western Gulf and
the Pacific Ocean (off the coast of south—central California) indicate
verv small diffusiou rates for non—buovant plumes; for example, the
second moment of the vartical concentration profile of gases released at
a height of 13 m above the sea surface typleally ranges from 26 m to 60 n
at a fetch of 8 km £from the spuyce, while the second moment of the
corresponding horizontal concentration distribution is typiecally 100 um to
500 m. Thus, concentrations can be high, but the impact area small. The
plumes of some ocsan based incinerators, however, may have high temperaturs
and high exit velocities. Under these conditions, the plume is dominated by
buoyancy factors in its initial stazes and may penetrate low leval
inversions. ’

Tand incinerators wlth scrubbers have cooler plumes and may not
penetrate low level inversions. In addition, local topographic
conditions on land have profound influences ou alr c¢irqulation and mixing
with subsequent impacts on the fate of the plume. It is important that
the Agency examine these different cases in some detall to define more
clearly the plume rise and dispersion conditions that will exist.

Plume contact with the sea surface would only occur when the plume
either cannot penetrata a surface based or slevated inversion or is
entrained by the atmespheric wake in the lee of the ship. The former
requires additional calenlation using more vepresantative mefeorological
data already available. The latter (downwash) phenomenon is unlikely,
though possibla, and should be snalyzed more rigorously than has been
done to date (only anecdotal arguments have been suggested). Even when
the pluma touches the sea surface, the small concentrations in a convective
atmosphere and the very low diffusivity of the air near the water surface
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in a stable atmosphere will likely minimize the diffusion of gases into
the water or the fallout of particulates. Sorption of orpanic gases
occurs upon cooling, and when attached to particles, the removal rates
will accelerate. If the velatile materials are not attached to particles,
few of these compounds are likely to deposit in the immediate area of

the Gulf of Mexico.

EPA ghould address the lssue of wet daposition in more depth.
Precipitation is often an important factor which supplements dry removal
and may incorporate soluble compounds by direct contact and scrubbing or
by absorbing onto particles of a wide variety upon which water condenses
ro form cloud drops. Rain drops are formed by the coalescence of millions
of cloud drops, each of which initially had a solid nucleus. Whiie raln
will gquickly remove HCl, other compounds need examination to determine
whather they will attach to particles in the air or are efficiently
removed by rain.

Converslon processes are also a factor in armospheric tramsport. It
1g likely, for example, that particles will form downwind in the plume as
well as Ln the stack. Photochemical processes will destroy some compounds,
while others will remain as gases for long periods, and some disperse
into the stratosphera. Those gases with low vapor pressures may condense
or adsorb on suspended particles.

EPA did not giva sufficient conslderation %o 2 few additional
atmospheric factors. Thege concern the separztion distance hetween an
incineration vessal and rsceptors (such as people) and the development of
a range of meteorological scenarios. The EPA/JRB (JRB 1984) scenario
assumes that ths vessel locates at 200 km offshore and that the nearest
receptor 1s at the shoreline. This assumption ignores the consideration
of exposure to people on offshore plarforms and on other vessels. The
EEA/JRE {JRB 1984) worst case, over water analysis assumes a single
atmospheric reglme: & steady wind inte which the incineration vessel
crulses continuously at a steady speed and heading {three stanhilicty
assumptions arve given as well). While this 15 one valid transport regine,
others should be consliderad. me axample would invelve a calm peviod
(with the ship making a circular or other closed course) followed by a
period of on—shore transport for a period followed by a wind reversal
with subsequent on—shore transport (in effect, a doubling of the effective
emisslon rate). If negative Impacts result, these could be minimized by
appropriate movement of the ship or control of the burn period. The
latter 15 especilally appropriate to land based incineration.

In addition to the dispersive nature of the atmosphere and the
possibility of local direct deposition of stack emissions iato the ocean
for long periods, one must consider the complexity of ocean ciyrculation.
Here, too, therse are surface circulations of varying vigor aud dimension
driven by larger circulations such as the Gulf Stream or the gyres that
spin of f from such large circulations. The mixed layer of the ocean
also raflacts winds and convection patterns in the atmesphere. Some of
these patterns become well established and are transported hy larger
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scale currents. Thus, a ship moves through thess patterns of flow which
are, in turn, transported latevally and changing with time. Simultaneousiy,
the incinerator plume discharges into a similarly complex atmospheric
circulation. This is likely to result in a very short and erratic exposure
of any portion of ocean to a segment of the plune.

The dynamics of the emissionz and their potential impacts on hiota
are exceedingly complex. Unless an adequate baseline of the quantitative
and qualitative nature of the emissions and their subsequent fate exists,
it 15 vary difficult to design a sampling program which can assess
ernvirommental Impacts, especially in a marine setting.

Due to tha widespread digtribution of gaseous effluents from
incineration at sea covering millioms of square miles of ocean and land
and, in fact, the entire globe, one can ask why incinerabion at sea is
any diffarent from Incinerarion anywhere else. It is possible that land
incineration can produce as much fallout at sex as would ogesan incineration
hecause of the much larger quantities of combusted material emitted over
land, including unregulated on—-site incineration and municipal iacineration.
Unless a case can be made that the contaminants quickly attach themselves
to vary large particles with appregiable fall rates of several centimeters
per second, or unless they disperze inte rain showers, the logal imfluence
of incineration at sea may be negligible at the efficiencles ziven for
the incinerators. If Incinerationm takes plage in situations where no
rainfall occurs within a few miles, the rain problem becomes insignificant.
The key issue i1s to determine whether the Incinerators operate properly and
destroy the wastes, and what new compowmds, other than those destroved,
exit the stack and are toxic. The Envirommental Impact Statement for the
designated North Atlantic incineration site (EP4 1981) clearly-states
rhat some substances degrade into more tofic materials than Che pracursors
and that others produce new compounds as 2 rasult of incineration. (This
i$ also mentioned by Ackerman et. al,. 1978.) EPA should establish the
characteristics and quantities of these compounds. If they have aepgligible
enviroumental consaquences, the atmospheric component of incineration at
sea activities ma¥ be a nonproblem. In fact, the mobility of the ship
and the scean can aveid large aceumulations of fallout in any particular
arsa ag might occur for a fizxed land based incinerartor.

Conclusion:

The mumerical simulation of atmospheric transport and diffusion
processes and the resulting exposures to environmental receptors requiras
technical Improvements and zreater delineation of the Intended uses of
such simulations for over—land and over—water situatioms. In general,
current models have not sufficiently utilized the lavgpe exlsting
meteorologliecal dara hase.

For land based avaluations, the modeling proceduras have inadequately
considered the local effects of atmospheric circulations (including
topographic effects) which can result in poor dispersion of even recir-
culating conditions. The modeling of emissioms also neads to consider
upset conditions because the chemical and physical characteristics of
the emissions are likely to be different at those times. If, upon further
analysis, these compounds exhibit negligible enviromental characteristics,
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atmospheric digpersion of such pollutions may not be a problen.

Over-water simulations also need to take Iinto daccount the occurrence
of upsat conditions in a realistic fashion. Because of the incinerator ship's
mobllity, a Gaussian plume dispersion model 1s not appropriate for this
situation. An unsteady dispersion modeling approach is required rto treac
the time~variable source location and Iintensity conditlons. The models
utilized should he able to accommodate plume rise dynamics, ship wake affects,
plume chemistry, and wet and dry deposition. The models should also he
capable of incorporating weather c¢hanges, changes in ship movements, and
yrusual emisslon situations, including catastrophic failures, into the
analvses. It should he noted, however, that atrmogpheric processes aver the
ocean, such as valnfall patterns, may mitigate the potantial fmpact of
incinerator emissions. '

RECOMMENDATION !

NUMERICAL STMULATIONS OF ATMOSPHERIC TRANSPORT AND FATE OF INCINERATOR
EMISSIONS ON LAND OR AT SEA SHOULD BE REVISED TO IMPROVE THEIR REALISM.
THE ISSUE IS PARTICULARLY ACUTE WITH RESPECT TO MOVING SQURCES,

Conclusion:

Assessing the transport and fate of chemicals veleased into the
environment is a necessary precondition for sgtimating probable exposuras
ta various organlsms and for calewlating the potantial for adverse effects.
IPA should fnclude hoth the chemical and physical characteristics of
emitted compounds in the development of exposure estimates. Caleulations
can result by direct measurement or hy computer simulation coupled with
lahoratory or field verification. The Committeaz found that EPA had
avaluated rhese phenomena for land bhased Iincinerators agsentially on the
basls of computer modeling alone with little or no fiald verification.

In the case of ocean bagsed Lncinerators, the Commirtee found the field
measurements o be largely inadequate.

The problems associated with ascertaining the possible impacts from
land hagad incinerator amissions in the near field ambient enviroument are
not trivial. This ig due, in part, to the high ambient chemical concentration
lavels around such facilities from a varliety of sources located in developed
areas. To Improve the capability to detect and evaluate possible anvircon—
mental effects, EPA ghould focus ifs measurement efforts in those areas
which it estimates receiva the highest loadings from ineinerators. Such
meAasuremants can be conducted most readily through the combined use of
simulations and spiking of the plume with suitable tracers, such as
perfluorocarbons.
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RECOMMENDATION:

EPA SHOULD EVALUATE THE ENVIRONMENTAL TRANSPORT AND FATE OF EMITTED
SUBSTANCES TO PROVIDE EXPOSURE ASSESSMENT DATA FOR BIOLOGICAL RECEFTORS,
INCLUDING HUMANS. SOURCE-RECEPTOR RELATIONSHIPS SHOULD BE QUANTIFIED
USING TRACERS AND SIMULATION MODELING TOGETEER WITH AMBIENT GAS AND
PARTICULATE CONCENTRATION MEASUREMENTS. ’

Conclusion:

A very important application of modeling is the identification of
optimal locations for altermative Incineration sites. The siting
evaluations should consider temporal metecorclogical varlations as well as
spatial micro-meteorological differvences associated with the sites. ‘In
this way the Agency could evaluate local, site-specific effects on the
disparsion and subseguent exposures to waste incinerator smissions.

RECOMMENDATION:

DECISIONS ON THE SITING AND CPERATTION OF HAZARDOUS WASTE INCINERATORS
SHOULD CONSIDER LOCAL METEORCLOGICAL CONDITIONS TO MAXIMIZE ATMOSPHERIC
DILUTION AND TO AVOID EXCESSIVE AMBIENT CONCENTRATIONS.
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Chapter b

TRANSPORT AND FATE OF INCINERATION FRODUCTS IN AQUATIC SYSTEMS

After emissions from {ncineration activities at sea or on land
reach the atmosphers they are diluted, transformed, and transported
in very complex patterns. Various mechaniswg, such as strong sovption
to particles and/or biomagnification in food webs, may produce locally
elevated concentratious of an emitted combustion product. Howevar, the
general picture is ovne of dilution of the emitted compounds, and even
the two apparent concentrating mechanisms cited above are dominated hy
entropy rather than by active transport mechanisms working azainst a
concentration gradient.

The Agency has attempted to model the envirommental trangport of
combustion products. Howaver, most of these models treat the atmospheric
or the agusous compartments as unilform matrices.

The first coutact of any combustion product wirth an aquatic marine
or fresh water system occurs ab the water surface or near to the surface
1f scrubber watzr 15 injected Into the water column. 3y the ctime that
such ¢ontact ocours, the combystion products may experience significant
dilution, tramsport, changes Ln physical and chemical state, and photo-
degradation. Contrary to popular pecceptions, the properties of the
water gurface differ signiflcantly I{rom the subsurface properties.

The Surface Microlaver

When combustion products entar water, directly from the atmosphers,
the surface layer {also termed the surface microlayer or the surface
Film) 1s the avea of initlal impact. The composition and phyaical
propertiess of the surface microlayer dictate that Lt play saveral rolag
im aquatic acosystems: as a site of physlo-chemical processes wnich
garve Iin the trauspoct of rmaravials batween alr and water; as an
iatemediary source or sink for airborne organic and inorganic components;
and as an important component in food webs. Because the surface micro-
layer 1s not part of common knowledge outside the fleld of oceanography
{(Bidelman et. al., 1976 and Patil, 1982), it receives somewhat more
attantion in our veport than do other aspects of agquatic ecosystems.

A verv thin fi1lm of narural organic matter more or less continuously
bounds the water surfaca. Thisg film is visible as the familiar sea
"slick” Iin marine systems and fresh water lakes and rasults when the
£ilm depresses the surface tension of the watar sufficiently to damp
caplllary waves. It is important to recognize, however, that even when
no "slick” 13 visible, anm organic f£ilm wsuwally bounds the water surface.

The surface film 13 subject to lateral transport primarily influenced
by wind stress rather than water currents. The slick becomes visibkble
upon the convergence of vectors of wind stress, a water surface convergence,
or 2 wind stress vector toward a front. Measuresments of film formation
rateg have recorded changes In gurfaca potantial in ocean envirouments;
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within about 20 seconds a clean surface forms a f£1lm that reflects a surface
potential change of about half its initial values (Van Vlieet anmd Williams,
1983). Microturbulence or bubble transport of surface active materials

may double this value within one to two hours. Natural organic materials
largely comprise the film which is continuously fragtionataed into the

gea surfaca. There it 1s trapped when ir exhibits even slight hydro-
phobicity due to the loss of the energy of hydration. Much of the surface
organic matter i1z particulate, with maxims in the 0.2 um to 1 um range
(Henrichs and Williams, i{u press). In part, this reflects the high
concentration of bacteria in the film {102 to 10° times their concentration
in the subsurface water (Harvey, 1979)]. Much of the organic matter 2ay he
colloidal (Stumm and Movrgan, 198l). The release of amino acids om
hydrolysis suggests that much of the organle matter Is proteinaceous, and
cousiderable amounts of bound carbohydrate can be detected as probable
glycoprotains and glycolipids. Usually only a small fracrion, about 3%,

is 1ipid (Henrichs and Williams, in press), although other studies indicate
a2 higher proportion of lipids. The scudy by Van Vieet and Williams

{1980) of che collection efficiency and bias of 14 collecting techniques
indicates tha problems Iin obtaining representative gamples.

The natural film, when under lateral pressure, folds and flocks.
Some speculation exists (Fox, Isaacs, and Corcoran, 1932) that thig
collapsed £film is oue source. of "marine snow,” the flocculate detritus
present in marine waters. Most marine zooplankton are filrar—feeders and
congume this flock in additien to the phytoplankton and microplankton.

The concentration of organic material in the surface laver of marina
systems provides the basis for the food web of Lhe neusten, the biota
that live in this niche. The pessible significance of biora nrilizing
fregtwater surface films is essentially unknowa. In marine systems, the
organic material rapidly metabolizes »y large populations of heterotrophic
gnd minevaliziug bacteria, microflagellates amd ciliates, as indicated by
high concentrations of free amino acids and inorganic nitrogen detected
in surface films. Invertebrate larval forms, such as copepodites and
veligers, faed on this concentration of particulats organic matter,
bacteria, and microplanktou (Zaitsey, 1971; Kittredge, personal com—
mnlcation). Above the surface, the ccean—skaters, Halobates, a gemus of
marine insects, feed on the surface biota, and below, ia the water colunm,
fish and other organisms also feed in the surface layer.

The Water Column and Sediment

Balow the microlayer, the water columm extends to the bottom of the
ocean. Investigations have frequently noted the patchiness of both
inorganic and organlc mitvients in the water columm. 1t iz reasonable
to assume that, as in the gase of the nicrolayer, increased concentratlons
of organic nutrients Iin discrete areas of the water column may result in
a parallel partitioning of organic and trace metal contaminants Iinto these
patches. The water column is not only the habitat of the pelapiec organisms
but i3 also the pathway through which zooplankton migrate in their dailly
travels between the mesopelagic zone and the surface, and is the highway
through which a rain of detritus falls to the bottom. The water colump
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supports, in addition to planktom, a largely nonm-resident, mobile
population of orgaanisme with daily and seasomal activity patterns. These
populations transport food away from the source to spatlally and temporally
distant areas, whila zooplankton migrators move materials by vertical
migratcion. Finally, on the bottom of oceanic systems, sclentists have
suggested for some time that a rain of particles functions as a primary
means by which nutritive material reaches ovganismg at depth (Wiebe et.
al., 1976). The major components of this material include fecal pellets
(Ringa et. al., 1979), crustacean carapaces, large animal carcasses,

large phytoplankton cells (Wiebe et. al., 1976), and inorganic shells of
foraminiferans and pteropods with absorbed organic matter, all originating
from the surface and the water columm below it.

Estimares of the sactling rates of organic materizl from the surface
layer are difficult to obtain but may be quite rapid. Sinking rates for
facal pellets oceurs within the range of 50 m/day to 940 m/day, and transit
times record depths of more than 2000 m in 9 days to 40 days (Wiehe et. al.,
1978).

The sediments often play a predoninant role in freshwater envisomments
in the migration and storage of hydrophobic materials. The large amounts
of organic carbon ia freshwater sadiments act as major depots for these
hydrophobic materials through both sovption and partitioning processes
{Naelay, 1980). Considering the mass of sediments and the concentrations
of PC3s and common chlorinated pesticides {n the warsr, hiota, and
sediments of the Great Lakes {(Veirh ek, al., 1977; Haile et. al., 1973), it
appears likely that the sedicents contalin the greatest amounts of thesge
nydrophobic matarialsg in fresh watee systems. Documentation exists that
PCRs also have contanminated marine sadiments at denths of 4 km in the
Medicarranean Sea. (Bayunhard, 1981).

From the precsding discussion it should be obvious that the surface
microlayar does not exist In isolation. Though it fumctions as the site of
antry of atmospheric chemicals into marine ecosystems, 1t 1s also closely
coupled to events which occur in the bulk phase and in the sediments.

Those combustion products which enter the aquatic enviroment sorb ounto
particles which descend to the sediment; they will partition into the
bulk phase water; and they will become lncorperated into biota dirasctly
and through food webs. All of these processes can be thought of as
competing sinks for the chemicals entering the system; none of these
sinks is independent of any of the others.

Tood Wabs

Biomagnification through food webs is a complex process which depends
upon partially understood physical/chemical characteristics and upon
interspaclies relationhsips Iin food wabs. Compounds which bhioconcentrate
readily may not necessarily blomagnify. While models exist which can
provide rough approximations of the extent of bloconcentration, the
ability to project biomagnification is much lass reliable.



- 35 =

While the magnification of chemicals in food webs iz a very complex
process, it can be separated into three coemponent parts. Thease inglude
1} the direct uptake of chemicals from water (through cell surfaces,
integument, ovr gills)——"bioconcentration;” 2) the aptake of chemicals
through contaminated food, in addition to that which is derived directly
from water=="biloaccumulation;" and 3) the uptake of chemicals by all
routes in a context of ecological trophic lavels=="hiomagnificaiom.”
For most organie chemicals the bioconcentration process results from
passive diffusion whose driving force is ralated to the differentcial
solubility of these chemicals in fats relative to water. In this comtext,
the fats compete as a sink against the water bulk phase, against the
compounds in the surface microlayer, and against the sorptive potential
of suspended particles and of sedimentary particles. Thus, bloconcentration
can be thought of as the end result of multiple partitioning nrocssses.

Tha biocconcentration process ralates only iadirectly to food
wabs since 1t deals only wizh the direct uptake of chemicals from the
ambiant enviroament. Food webs are Important when the uptake through
fooud is considered ia additlon to bioconcentration. When a substance can
partition readily between intracellular lipids and water, then bicaccumula—
tion contributes litrle to tha final! equilibrium between water and
organisms because bigacgumulated matarial in emgess of that which ig
compatihle with the dloconcentration coefficient merely results In a aest
flux from the organisms to the envircnment (Hamelink ef. al., 1971; ¥Neely,
1980), Even DOT and dieldrin have, on occasion, failad to demonstrate a
biomaguification effeer in strictly agquatic systems, as demonstrated by
finding constant concentratlous of these simple pesticides in the fat of
gsaveral fish species Iin the Great Lakas, regardless of trvophic level
{Reginert, 1970). Food web processes become prominent when the compounds
have very long vesidence times. Thig development iz associated with high
lipid solubility combined with high molecunlar welight at low water solubilicy
(VMaaly, 1980). The driviag forsa, which allows the concentration in the
predator to be higher than that of the prey, is not due to any active
transport against the concentration gradient in the gut of the predator
hut to the fact that the digestive process involvwes a phase change of the
lipids of the prey which act as the solvent for the bicaccumulatable
substance. This, as a consequence, alters the basis for ths partitioning.-

Conclusion:

The Committes found that the Agency's evaluations, whila appropriately
emphasizing the dilutiom of pollutants, have not effectively addressed
mechanisms in the enviromment which would rvesult in the concentration of
emigsion products. Knowledge of such machanisms is important to a fuller
understanding of pollutant transport and fate even though the general
pleture is one of dilutlen of the emitted compounds.
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The segments of the biocsphere impacted by the emisgions from chemlcal
waste incinerators will be larzely influenced by the dynamics of atmospheric
and aquatilc transport processes. Within these processes, mechanisms, such
as the followling are likely to influence the concentrations which actually
impact biota 1) phase separation and chemical distribution between phases,
7) interphase transport at air/water, air/solid, air/blota, water/solid,
air/blota, water/biota, and solid/biota interfaces, aud 3) photo- and
blochemically stimulated reactions involving the Inclmerator emissions after
they leave the stack.

RECOMMENDATION:

THE DYNAMICS OF ENVIRONMENTAL TRANSPORT, TNCLUDING CHEMICAL PARTITION
BETWEEN PHASTS AND INTERPHASE MASS TRANSPORT SHOULD BE SVALUATED IN A
wAY THAT T3 USEFUCL FOR EKPOSURE‘ASSESSMENT.

Conclusion:

Surface mlicro=lavers may play significant roles in the concentration
of some chemical specles.

RECOMMENDATION:

EPA SHOULD INCORPORATE THE ROLE OF MICRO-LAYERS IN THE TRANSPORT
AND CONCENTRATION OF EMITTED CHEMICALS INTC ITS ANALYSIS.

Conclusions:

Environmental rranspovt and fafe srocesses exhibit both short-term
and loug—term variability and traads. These changes should influence
the Agancy's thinking for the selection of the most appropriate averaging
time for incineration activitlies in order to analyze the potentlal effects
nf chemical burns.

Tt is possible to use simulation models appropriately for many aspects
of evaluating the environmentazl transport and fate of emitted chemicals,
However, such simulations often have significant limitations which the
Agency has not always recognized in its analyses. Such limitations decome
avan more significant when saveral simulation models are linked into
large scale simulations. The results from these large scale gimulations
are unconvinclag, especlally when they are not supported by some field
validations.

RECOMMENDATION:

MODELING OF INTERPHASE TRANSPORT AND FATE OF CHEMICALS EMITTED FROM
INCINERATLON SHOULD BE COUPLED WITH SOME FIELD VALIDATIONS.
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Conclusion:

Exposures of organisms to c¢hemicals originating from liquid hazardous
waste incinerators take place through various pathways which differ
according o transpert processes and the hablts of the organisms involved.
Such exposure pathways will certainly include absorption through lungs or
gills, skin, and food webs: The exposure will vary over time and in the
dose attributable to each chemical. The relative proportioms of chemicals
in the mixture to which organisms are actually exposed 1s likely to be
different from what was initially emitzed by the incinerator becausa of
the differential influences of tramsport, phase distribution, and chemical
reaction dynamics on the emitted chemicals. The accurate determination
of exposures, which depends on these many varciables, is very difficult.
The efforts of the Agency to assess such exposures have heen inadequats
becausa they resulted from either individual judgments or computer models
without adequate laboratory or field wverificacion.

RECOMMENDATION:

THE AGENCY SHOULD EVALUATE EXPOSURE DURATIONS AND CONCENTRATIONS
BASED UPON BOTH A DETAILED ASSESSMENT OF TRANSPORT PROCESSES AND THE
HABITS OF THE EXPOSED ORGANISMS.

Conglusion:

Some toxic chemicals have not biowagnified in 2quatic systems such as
the Great Lakes. When chemicals biomagnify, however, a potential exists
for adverse effects on aquatic life and congumers of agquatic life, including
humang. Liquid hazardous wastes may contain chemicals which zam biomagnify
or, when burtned in an ineinarater, may oroduce combustion products which
biomagnify. ‘ :

RECOMMENDATION:;

EMISSIONS FROM LIQUID HAZARDOUS WASTE INCINERATORS NEED EVALUATION
FOR CHEMICALS WHICH CAN BIOMAGNIFY. THE DEVELOPMENT OF METHODS TO IDENTIFY
THE POTENTIAL OF CHEMICALS IN INCINERATOR EMISSIONS WHICH CAN SBIOMAGNIFY
IS5 NEEDED.
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Chapter 7
TRANSPORT AND FATE OF INCINERATION PRODUCTS

IN TERRESTRIAL SYSTEMS

Land based hazardous waste incinerators are statlomary peint sources
which emit pollutants into air, land, and water media. Emissions
may oceur as part of the ineineration process, as part of the scrubber
operations, or as fuglitive emissions. Uptake of emissions by terrestrial
1ife may occur through alr, water, seil, or via the food web.

Functional differences between sea and land incineration require
distinctive approaches in near-fiald assessment. These funcfional
di ffarences result from varlatioas 1in incinevation temperaturss as well
as from treatmant of the exhaust gases. Since land based incinerators
oftan have seruhbbers and precipitators, the resulting emissions are
diffavent, both in gquanity and type, from those generatad by Incinerators
which do not have such unlits. For Iinstance, land based incinerztors
generate scrubber waters, sediments, and sludges that must be disposed.
Their cooler gaseous emisgsions may result in a different chemical
composition relative to the hotter amissions of sea based incinerators.
The sampling of exhaust gases is often simpler for land based incinerators.

Land based hazardous waste Lncinerators tand to be located in develeped
aveas, and it may be difficult to establish causal relationships hetween
rasidues originating from fancineration activitias and observed envivon—
mental changes. The burning of a wide range of fossil fuels for hearing,
cranspoctation, and industrial processes, for example, releases hy-products
of combugtion, many of which may have similar physical and chemical
characreristics as those compounds emitted by hazardous waste incinaerators.
Thus, an association of combustion products with environmental degradazion
is not necassarily proof of a causal relationship with hazardous waste
incineration.

It 13 possible to collecr representative samples of gaseous, agueous,
and solid ineinerator emissions and effluents to develop a mass balance
estimats of what enters the environment. Many commonly accapted technigues
also exist for sampling which contaminants enter the ferrestrial system.
These include air and deposition samples as well as samples of the physical
and biological systems Into which they enter.

Transport models developed for the dispersion and trangport of atr
nollutants provide a basis for understanding pollutant behavior under a
wide range of atmeospheric conditions, including the Influences of terraln
features. Models also exlst to track the distribution of pesticides from
both ground and aerial application. Modelers have already used some of
these tachnigues to determine deposition from plumes.
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Models of plume dilspersioun from known incineration sources should
provide information on appropriate sample sites. Sampling frequency,
location, and subsequent stratification of the impacted area, can he
determined followlng initial sampling to calculate concantration gradients.
Since routas of input into the ecosystem are important to subsequent
transport and accumulation, the development of sampling systems should
insure and account for these parameters. These include air, particulate
natter, deposition in rain and snow as well as movements in water and in
biota. Tracer releases from incinerators (see Chapter 53) would aid in
evaluating atmospheric transport routes. The distributicn of receptors
(human and nonhuman), from near—field/high contamination lavels to areas
outside the near—-field impact arsa, should alsoc he considered.

Biological and physical sampling systems for both near and far—field
depogition should initially derive from plume models 2ud the composition
af the physical and hiological systems inko which the effluent is releasged.
Plants and non-rmobile animals, such as soil invertebrates, would provide
the best insight into near~f{ield estimates of deposition and accumulation.
Evaluation of biomagnification would require sampling of higher trophic
levels and would Lnvolve more mobile specles and greater sampling variance
as a result of differing exposurss in spacs and time. '

The potential hazavrd of texicants to the terrestrial ecosystem
depends, in part, upon the physical state of the substancde. If the
material is water soluble, {t will tend to fall upon the vegetation and
soll with precipitation. This often meauns that it will tend to wash off
the vegetation and infiltrate the soil, or that it will absorb dirascrly
, into thea plant. In the soil, it will partition between the biota, the
soil itself and the dovmward percolation of water, seventually moving to
groundwater. In the soil or in the plaunt, it may detoxify or pass into
the food web and undergo blomagnification.

For most of the known toXicants of coneern for land based incineration
of chemicals, few data are available upon which to basgse estimates of this
partitioning. ©Data ou the uptake of herbicides from seils will viald
some c¢lues to the behavior of other organiec molecules in the soil, but
only very rough estimates are possible. Many of the toxicants are aearly
ingoluble and will probably wash out of the atmosphere sorbsd onto
particulates. These which deposit on vegstative surfaces may adhere
to the cuticular layer in preference to sorption on the particle surface,
but this has not been sufficiently studied. Whether these vesidues
adhere to the plant leaves or fall onto the soil surface, some will enter
the food web through i{ngestion by grazing animals. Even in well grazed
pasturag, much of the vagetation dagrades as littar by microorszanisms.
The toxicants which are only slightly soluble become virtually Immobile
in the soil and will pevsist wmtil microorgaunisus succeed in attacking
and breaking down those that can bicdegrade. Some chemicals will degrade
quickly by seil microorganisms, some will modify slowly, and others will
endure for vary long periods. Degradation vates strongly depend upen
goil moisture and temperature and the occurrence of suitable organisms,
and are still far from being adequately modeled.
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Some of the pollutants will find their way into lakes and streams
diractly through the precipitation, hut others will enter through sorpticn
on soil particles subject to erosion. Erosion ls an inevitable and
natural process involving the uppermost surface layer of the soll upon
which the sorbed material will reside. It 15 possible to conceive of
fall-out from successive burus concentrating through selective eroslon
in the sediments at a much higher density than one might expect on an
average basis. Erosion models that might be used to illuminate this
question exist, but the material brought to the Committee's attention
did not show this level of sophistication. In general, the modeling of
the fate of toxlcants emanating from incinerators has been rudimentary.
Though this s a difficulr and complex problem, the Agency's past
efforts to understand terrestrial traasport proceasses were not thorough.

While terrestrial food webhs are as complex as their aquatic counter—
parts, sclentists also have a better understanding of them. To date, the
analvsls of biomagnification of incinaration products relied upon hy EPA
apparently derived from a relatively simplistic simulation model (Holtonm
et al., 1984) limitad to ralatively volatile compounds whose biomagnifi-
cation potential is not particularly preminent. The Committee did not
Find any svsetematic €ield studies with which to compars these simulations.

Conclusion:

It is d1fficult to associate the burning of hazardous wastes with
ohsarved changes in the terrestrial enviroament hecause many land based
tncinevators are sited inm highly industrialized areas which have other
combuation saunrces emitting similar compounds. EPA has not made the
fullest possible use of existing modeliaz tachriques to evaluate the
transpoct, fate, and affects of incinerator products Lo terrestrial
svstems. Thus, subsequent Agency eXposure assessments to hiota and
humans in the ecosystsm are unreliabla.

AECOMMENDATION :

EPA NEEDS T0O EVALUATE THE TRANSPORT AND FATE OF INCINERATOR PRODUCTS
IN TERRESTRIAL ECOSYSTEMS BY USING STATE-OF-THE-ART FIELD MONITORING AtD
LABORATORY EVALUCATIONS IN CONJUNCTION WITH IMPROVED SIMULATIONS.
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Chapter 8

EFFECTS ON AQUATIC SYSTEMS

Before assessing the effects of combustion derived pollutants on
organisms or ecosystems, the charvacteristics of the toxicants and
an evaluation of the extent of exposure to the respective organisms
and/or ecosystems must be determined. Appropriate sampling methods in
the stack and plume of incinerator facilitles should provide a characteri-
zation of the pollutants emitted. Plume dispersion modeling and monitoring
should predict and confirm the dispersion of chemicals into the atmosphere
and suggest the degree of their transfer from the atmospheric to aquatic
systems. In either case, the construction and validation of such disparsion
models depends upon measuring the toxicants in question ia both the :
atmosphere and in the part of the ecosystem where organism exposures
will occur.

The impact of pollutants on ecosystems is, in part, assoclated with
the feeding relationships that govern the fransfer of materials through a
svstem, the properties of the medium (whether aguatic or aerial), and the
pergistence of the pollutant.

Ingestion of contaminated food is an obvious mechanism by which
pollutants enter the biosphere and are transported withia it. If, for
example, a fish eafs algae contaminated with a chemical and retains it,
the chemical may transfer to fish—sating birds and perhaps to other
organisms, imciuding humans.

Follution can affect the abupdance of many organisms, and hence it
can indirectly affect the feeding relationships of an ecosystem by causing
either a decrease or an Iinecrease in the abundance of a particular species
or a type of food. While some pollutants have a liferime as short as
a day as they are transformed iate harmless substances, athers such as
DDT and PCRs degrade very slowly.

Effects Mecthodology

Field maasurements are necessary to assess the degree of aquatic
organism exposurz from Iincinerator emigssions and to determine their
impacts. Two existing measurement technidques include 1) chemical
monitoring, which can be used to avaluate the extent of environmental
contamination; and 2) biological monitoring, which measures the pollutant
impact upon aquatic life.

Blological effects monitering may, in principle, be carried out at
any level of bilological organization—=fyom the ecosystem and community
to the cellular and subecellular levels—-by measuring aspects of structure
and function. Measurement at higher organizational lavels (for example,
community and population structure) can provide an assessment of the
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immediate impact and recovery after an acute pollution incident or the
dramatic lomg-term consequences of high levels of pollution. Although

some documentation exists on the fate and effects of specific halogenated
hydrocarhons, our understanding of pollution effects on community and
ecosystem structure and function is generally insufficient to establish
techniques for the early detection of any gradual deterioration ov improve~
ment in environmental conditions. Tha nead for sensitive measurements

of adverse biological effects of toxicants may be partially met by the
structural and functiomal rasponses at the organismal, cellular, and
gubcellular levels of organization.

Sampling in aquatic svstems, especially in the ocean, is not an easy
rask. The distribution and density of biota in the sea vary extremely
noth in space and time. Organisms ars distributed non-randomly in patches.
Some organisms migrate vertically om a dally basis and sezzonally between
shore and open water, Many larval forms, for example, migrafe to the
beach ot to shallow depths during maturatiom. Given this varlability,
the probability that spot sampling will provide a rapresentative picturas
of rhe resident blota is slight., Indead, the combined diluting and
dispersing effects of winds, currents, and wave action, asz wall as the
gffect of a moving vessel, suggest that 2ffective sampling designs will
be mxtremely difficult to achleve.

Given a general understanding of how 2cosystems work, any assessment
af rhe #ffsct of possible contaminants depends upon addressing two major
nroblems: 1) deteemining the biocavailability and toxicity of the possikle
contaminants, and 2) the use of sampling to measuve effects.

Effects Found to Date.

Attempts have bsen made to measure envirommental affacts during some
of the research and demonstration burns at sea. One of the studles noted
sffacts. In March 1977, fish (Fundulus grandis) were caged in P-30Ms
and exposaed to stack emissions frem the Vulcanus I which reached the
water surface at the ocean incineration site in rhe Gulf of Mexico.
Subseguent analyses of the livers from the exposed fish found significantcly
elevatad lavels of cytochrome P-450 relative to controls (Pequegant et. al.,
1980), suggesting a response to the exposure. In the laboratory, the
induced lavels of cytochrome P-450 returned to normal levels. Further
investigation of thase findings did not occur, and thus, the ecological
significance or adverse nature of this response remains uncertain.

Conclusiou:

Ingufficient technigues exist to detect any gradual deterioratiom
or improvement in environmemtal quality for aquatic communities or
systems. However, laboratory studies of the acute, subacute, and chroniec
toxicities of combustion products and fractions of combustion products in
surrogate and resident species are well within existing capabilicies.
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Such tests, though limited in theiy direct applicability to agquatice
gystems, do provide information on the relative toxicity of emitted
compounds. In addition, the capability exists to measure and to assess
pollutant effects, particularly short—term effects, on segments of the
aquatic ecosystem such as organisms residing in the surface microlayer.

RECOMMENDATION:

EPA SHOULD CONSIDER TESTING INCINERATION PRODUCTS AND MIXTURES
FOR THEIR TOXICITY UPON SURROGATE AND RESIDENT SPECIES UNDER CONTROLLED
LABORATORY CONDITIONS. IT SHOULD ASSESS THE IMPACTS OF INCINERATION
PRODUCTS ON ORGANISMS INITIMATELY ASSOCIATED WITH THE SURFACE MICROLAYER.

Conclusion:

Comprehensive assessments of the impact of changes in aquatic
populations on an ecosystem requive long=term observations at specific
gitags. In this instance, particular attention should be given Lo sampling
degign and statistical determinations of appropriate sample size.

RECOMMENDATION:

RECAISE OF THE DIFFICULTIES IN ASSESSING CHRONIC EFFECTS ON THE
MARINE ECOSYSTEM, THE TASK OF UNDERSTANDING SUCH EFFECTS NEEDS TO RECELVE
IMMEDIATE RESEARCH ATTENTION,

Conclusion:

The assesgsment of biological and ecological effects of incineration
products comstitutes & very complex undertaking. It does not make sense
to raly exclusively on laboratory studies, partial field studias, orx
complex field studies alone. '

RECOMMENDATION:

THE ASSESSMENT OF THE POTENTIAL EFFECTS OF INCINERATION PRODUCTS
REQUIRES A COORDINATED APOROACH INVOLVING BOTH LABORATORY TOXICITY STUDIES
AND FIELD ASSESSMENTS. THE AGENCY SHOULD COUPLE THESE INVESTIGATIONS IN
A RESEARCE STRATEGY WHICH PAYS ATTENTION TO BOTH SHORT-TERM AND LONG=TERM
EFFECTS.

Conclusion:

The Committee found no documentation that the opération of ligquid
hazardous waste incinerators at sea has produced acute adverse ecological
affects. Howaever, monitoring programs used to date were few and narrow
in scope.

RECOMMENDATION:

Appropriately designed field studies are needed to provide assurance
that the long—term operation of imcinerators does not produce significant
adverse effects to the arvirorment.
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Chapter 9

EFFECTS ON TERRESTRIAL SYSTEMS

The information presented to the Committee indicates that the Agency
has concerns about human exposures to selected compounds which may bhe
emitted from incinerators and absorbed from air, drinking water, &nd
food. Evaluations of potential effects on wildlife, plants, and tar-
restrial ecosvstems appear to be lacking. Data on the toxicitles of
selectred emlitted mixtures likewise do not exist.

The Cemmittee regeived no reports on combustion products depositad
in the surroundings of land based incinerator sites, nor any reports of
ecological surveys of plant and apimal 1life adjacent to such =sites. All
assessments were based on relatively simple computer simulations of
exposure, without some field validation. ' :

Agsessments of Potential BEealth Effects

The assessments of the potential impacts of emitted compounds on
human health have resulted largely from simulations which produced
projections of ground level air poellutant concentrations. The sclentific
comminity has given wide acceptance to employving the various dispersion
models in the preparation of other air pellution assessments. However,
exposures of humans are expected to occur also through ingestion as well
as through the inhalation pathway. Exposures through food may be
particularly important for compounds with low water solubility and
high 1lipid solubility. A draft report by Holton et. al., .(1984) hints at
the potential significance of food chain effects, even for compounds of
much lower molecular weight and lower lipid golubility than are known to
occur among the combustion products. This relatively simple model esti-
mates that food would contribute 767 to B3Z of rthe total dose of carbon
tetrachloride delivered to humans from atmospheric releases of this
compound. On the basis of the data utilized in the model, one would
predict a much higher contribution through the food route for compounds
such as highly chlorinated PCBEa.

While it may be interesting to use the Holton model to evaluate the
possible human doses from combustion products of higher wmolecular weights,
the primary utility of such a model seems to be that of screening the
exposures which might result from incineration activities at a number of
gites. -To date, the Agency has placed excessive reliance on such simu-
lations without validating predicted concentrations with actual ambient
concentrations, nor has it adequately addressed the effects of local
taopography on the model. This becomes especlally Important in the case
of the multiple pathway model. Because of the very nature of a multiple
pathway problem, this model consists of a number of coupled simulations,
each of which contains many simplifying assumptions. Such assumptions
invariably introduce ervors into the predictions made by the model and,
at this time, 1t 1s not possivle to conclude how such errors propagate in
the model relative to the actual processes in the real world.
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In the current assessment of potential impacts of incineration
emlssions, the conceantrationms projected by the simulations ave compared
to existing standards or criteris for the protection of human health.-’
Such standards and criteria usually embody sizable margins of safety
to protect human health.

Effects on Terrestrial Ecosystems vs. Human Responses
The general public usually assumes that environmental standards
providing adequate protection to human populations also afford sufficient

protection to the ecosystem and wildlife populatioms. However, such
assumptions have mo scientific rationale. The reproductive physiology of
birds and some groups of mammals (e.g., the family Mustelidae) appear to
be  sufficiently different from the commonly tested laboratory animals and
‘humang. so that safety evaluations for these groups of animals are oftén
inadequate. Also, many predators occupy much higher positions in food
webg than do humans and, consequently, the biomagnification of some
pollutants can be much move detrimental for top predators than that
predicted for humans. Protection of human health provides no assurance
"that all-plant communities will receive adequate protection, and yet humans
~ultimately depend upon the productivity of ecosystems. The data required
to assure the protaction of human health will not autcomatically provide
us:-with insights concerning the protection of terrestrial ecosystems.

Approaches to the Measurement of Effects

When seeking to evaluate the potential of emissions from Inclneraters
to produce adverse human and ecological effects, three approaches, each
of which has limitations, could be tried. These include:

1. The Agency could model the risks from exposure to mixtures on
the basls of qualitarive and quantitative measurements of the components
. of emissioms, the known toxicities on their quantitative structure/activity
-relationships, and the application of appropriate interaction models. At
the present time, however, the data do not exist to input to such a model.
Tn addition, existing models for evaluating potential risks from single
compounds are largely unverified. Modeling of the potential toxicity of
mixtures is still in its infancy, and modeling of potential effects on
ecosystems, outside the area of bioconcentration, needs even more work.
Thus, the prime utility of modeling for this problem is as a rough
gereening tool to define degree of hazard.

2. EPA could test the toxicity of incineration emissions under
controlled laboratory conditioms. This type of test is also unlikely to
provide definitive answers for a number of reasons. The testing usually
oceurs with surrogate or representative specles either as individuals or
in small groups. Also, such tests do not readily lead to examining '
effects at the population or ecosystem levels. Each mixture requires
individual testing until one has developed a picture of the variability
in responses due to changes in the mixzture. Finally, one must consider
the uncertainities of extrapolating test results using models that are
difficult to verify. However, carrying out laboratory tests in concert
with field studies can have some utility in assessing the potential for
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adverze affects. Detection of subtle gffects can have gsignificant
congsequences to Individuals and populations. Effects on behavier and on
physiological functions often occur at exposures that are significantly
lower than those producing acute observable effects. However, there
exist a multritude of possible subtle effects, and unless one is
gufficiently astute or lucky to design a specific experiment which can
detect these bilolegical nuances, they are easily overloocked.

Acute effects are readily observed with relativaly simple protocols.
The ratio between exposure concentrations found in controlled laboratory
teste which produce acute affects, and those which produce no measured
effects, even after exposures lasting a life~time, 1s rarely greater 1000
fold (NAS, 1972; McNamara, 1976; Weil et al., 1969). Thus, 1f 2 study
reports no acute affects under exapggerated axposure coriditions in the
various media of concern (e.g., water, soil, air, microlaver, etc.), and
the longer term exposurs concentrations after initial dilution are much
less than 1/1000 of the concentratien producing no acute effects, It
becomes much more likely that no environmental effects will occcur or that
they will prove very subtle.

The procedures currvently available for sampling incineration emissions
are likely to vield a different wmizx of compounds than those found at some
distance from the source. In spite of the shortcomings of this approach,
1t holds promise in testing actual mixtures. Metrhodologies exist which
scientists have used to test diesel exhaust emissions in mammals (NAS,
1981) and outboard motor exhaust emissions in fish (Brenniman et al.,
1976). - Studiee of this type c¢an give an indication of relative toxicity
when they are employed in a comparative mode. They have some, but limited,
utilicy in predicting actusl ecosystem level effects.

3. The EPA could undertake to gtudy rthe alterations of ecosystems
or thelr components directly. Such studies can be very complex, even for
measurements of relatively acute effects that might occur shortly after
the exposura taok place. If scientists can study the responses of the
gystem over longer durations, for marine systems in particular, there is
an accompanying need to develop baseline information. Land based
incinerators present more manageable problems than sea based combustion
units because the terrestrial enviromment is more easily sampled and more
background information exists.

Presently, computer simulations exist of possible risks to humans
from inhaled emissions in addition to possible hazards from the food web.
However, the Committee has seen no fleld verifications of the computer
predictions or toxicity tests for emissions from large scale land
incinerators that are located in enviromments already heavily disturbed
by human activites. It may be impossible and/or irrelevant to look for
subtle ecologlical effectz in guch areas except for those related to
contamination of the human food supply especlally via bloconcentrative
mechandsms.
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Conclusion:

The toxicities of emissions and effiuents from land based incinerators
are largely unknown.

RECOMMENDATION:

THE TOXICITIES OF REPRESENTATIVE EMISSIONS AND EFFLUENTS FROM
INCINERATORS SHOULD BE TESTED, AT A MINIMUM, IN SENSITIVE LIFE STAGES OF
REPRESENTATIVE TERRESTRIAL VERTEBRATES, INVERTEBRAIES -AND PLANTS OF
ECOLOGICAL IMPORTANCE.

Conclusion: L
The Committee found no documentation that the operatiom of

liquid hazardous waste Incinerators on land has produced significant

adverse ecological effects. However, monitoring programs were few and

narrow in scope. .

RECOMMENDATION:

" APPROPRIATELY AMBIENT ARROMETRIC AND EFFECTS MONITORING IS NEEDED TO
PROVIDE ASSURANCE THAT THE LONG-TERM OPERATION OF INCINERATORS DOES NOT
PRODUCE SIGNIFICANT ADVERSE ECOLOGICAL EFFECTS.

Conelusion:

The Commitzee has received no documentation that any significant
health hazard exists as the result of exposures to the products of
. incinerating toxic wastes. However, monitorimg programs were few and
narrow in scope.

RECOMMENDATION:

THE POSSIBLE LONG-TERM CONSEQUENCES TO HUMAN HEALTH OF A CDNTINUING
PROGRAM OF INCINERATION NEEDS EVALUATION.
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APPENDIX I1

Charge to the Environmental Effects, Transport and Fate Commitree
on Incineration of Hazavrdous Wastes

At the October 13, 1983 meeting of the Executive Committee of
the Science Advisory Board the Administrator formally requested
that the Board assist the Agency in the scientific assessment of
envivonmental impacts associated with the incineration of hazardous
wastes at gea. The Executive Committee accepted this request and
agsigned the responsibility for carryimg out this review to its
Environmental Effects, Transport and Farte Committee.’

At the Executive Committee meeting on April 12, 1984, the Deputy

- Administrator asked the Committee to also examine the envirommental

‘impacts assoclated with land based incineratiom of liguid hazardous
"wastes, and to make a generic comparison of scientific.issues between
land: based and ocean based incinervation. The Committee acceptad this
additional request. The Envirommental Effects, Transport & Fate
Committae will expand its review and will address the six issues
listed below.

_ The following have been identified as issues the Committee
gshould comsider in evaluating Incineration of hazardous wastes at
gsea. The Committee should advise if the Agency has considered and
interpreted in a scientifically adequate manner the apprcprlate

data for each area.

1) Transfer of wastes.

What are the various handling, loading, tramsportation, and routing
problems? What potentials exist for collisions, explosiomns, and spills?
Should the Agency develop worst—case scenarios to evaluate the potential
impacts of accidental discharges?

2) Combustion and Incineration Processes.

Is the efficiency of destruction properly addressed? Are the
quantitative and qualitative characteristics of the combustion products
raleased into the envirooment appropriately evaluwated? .- :

3) Stack and Plume Sampling.

What specialized sampling protocoles are needed to adequately
characterize representative emissions from the stack exhaust and plume?

4) Envirommental Transport and Fate Processes.
How should known and modeled stmospheric and oceanic circulations

at the burn sites be considered? Are potential food web influences
adequately assessed?



5) Bieloglcal Effacts.

Do data on incineration efficiency, composition of emission products,
and environmental transport and fate processes provide an adequate basis
for evaluating biological effects? Have other issues, such as the
bioavailability and toxlcity of emitted compounds, heen adequately
addressed?

6) Research Needs.

What key sclentific issues should the Agency address in its
incineration research strategy?
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